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Jhqhudo Gldjqrvwlf Whvwv iru Furvv Vhfwlrq
Ghshqghqfh lq Sdqhov
P1 Kdvkhp ShvdudqW
Xqlyhuvlw| ri Fdpeulgjh ) XVF
Mxqh 5337
Devwudfw
Wklv sdshu sursrvhv vlpsoh whvwv ri huuru furvv vhfwlrq ghshqghqfh
zklfk duh dssolfdeoh wr d ydulhw| ri sdqho gdwd prghov/ lqfoxglqj vwdwlrq0
du| dqg xqlw urrw g|qdplf khwhurjhqhrxv sdqhov zlwk vkruw A dqg odujh
 1 Wkh sursrvhg whvwv duh edvhg rq dyhudjh ri sdlu0zlvh fruuhodwlrq frhi0
flhqwv ri wkh ROV uhvlgxdov iurp wkh lqglylgxdo uhjuhvvlrqv lq wkh sdqho/
dqg fdq eh xvhg wr whvw iru furvv vhfwlrq ghshqghqfh ri dq| {hg rughu R/
dv zhoo dv wkh fdvh zkhuh qr d sulrul rughulqj ri wkh furvv vhfwlrq xqlwv
lv dvvxphg/ uhihuuhg wr dv (ER dqg ( whvwv/ uhvshfwlyho|1 Dv|pswrwlf
glvwulexwlrq ri wkhvh whvwv duh ghulyhg dqg wkhlu srzhu ixqfwlrq dqdo|}hg
xqghu glhuhqw dowhuqdwlyhv1 Lw lv vkrzq wkdw wkhvh whvwv duh fruuhfwo| fhq0
wuhg iru {hg  dqg A / dqg duh urexvw wr vlqjoh ru pxowlsoh euhdnv lq wkh
vorsh frh!flhqwv dqg2ru huuru yduldqfhv1 Wkh vpdoo vdpsoh surshuwlhv ri
wkh whvwv duh lqyhvwljdwhg dqg frpsduhg wr wkh Odjudqjh pxowlsolhu whvw ri
Euhxvfk dqg Sdjdq xvlqj Prqwh Fduor h{shulphqwv1 Lw lv vkrzq wkdw wkh
whvwv kdyh wkh fruuhfw vl}h lq yhu| vpdoo vdpsohv dqg vdwlvidfwru| srzhu/
dqg dv suhglfwhg e| wkh wkhru|/ txlwh urexvw wr wkh suhvhqfh ri xqlw urrwv
dqg vwuxfwxudo euhdnv1 Wkh xvh ri wkh ( whvw lv looxvwudwhg e| dsso|0
lqj lw wr vwxg| wkh ghjuhh ri ghshqghqfh lq shu fdslwd rxwsxw lqqrydwlrqv
dfurvv frxqwulhv zlwklq d jlyhq uhjlrq dqg dfurvv frxqwulhv lq glhuhqw uh0
jlrqv1 Wkh uhvxowv vkrz vljqlfdqw hylghqfh ri furvv ghshqghqfh lq rxwsxw
lqqrydwlrqv dfurvv pdq| frxqwulhv dqg uhjlrqv lq wkh Zruog1
Nh|zrugv= Furvv vhfwlrq ghshqghqfh/ Vsdwldo ghshqghqfh/ Gldjqrvwlf
whvwv/ G|qdplf khwhurjhqrxv sdqhov/ Hpslulfdo jurzwk1
MHO0Fodvvlfdwlrq= F45/ F46/ F661
WL dp judwhixo wr Pxwlwd Dnxvxzdq iru surylglqj ph zlwk h{fhoohqw uhvhdufk dvvlvwdqfh dqg
iru fduu|lqj rxw vrph ri wkh frpsxwdwlrqv1 L zrxog dovr olnh wr wkdqn Urq Vplwk dqg Wdndvkl
\dpdjdwd iru khosixo glvfxvvlrqv dqg wkh odwwhu iru fduu|lqj rxw wkh Prqwh Fduor uhvxowv
uhsruwhg lq Wdeohv 6091 Ilqdqfldo vxssruw iurp wkh HVUF +Judqw Qr1UHV033305603468, lv
judwhixoo| dfnqrzohgjhg1
4 Lqwurgxfwlrq
Lw lv w|slfdoo| dvvxphg wkdw glvwxuedqfhv lq sdqho gdwd prghov duh furvv vhf0
wlrqdoo| lqghshqghqw1 Wklv lv sduwlfxoduo| wuxh ri sdqhov zlwk odujh furvv vhfwlrq
glphqvlrq +Q,1 Lq wkh fdvh ri sdqhov zkhuh Q lv vpdoo +vd| 43 ru ohvv, dqg
wkh wlph glphqvlrq ri wkh sdqho +W , lv vx!flhqwo| odujh wkh furvv fruuhodwlrqv
ri wkh huuruv fdq eh prghoohg +dqg whvwhg vwdwlvwlfdoo|, xvlqj wkh vhhplqjo| xq0
uhodwhg uhjuhvvlrq htxdwlrq +VXUH, iudphzrun ruljlqdoo| ghyhorshg e| ]hooqhu
+4<95,1 Vlqfh Q lv {hg dv W $4/ wudglwlrqdo wlph vhulhv whfkqltxhv/ lqfoxglqj
orj0olnholkrrg udwlr whvwv/ fdq eh dssolhg1 D vlpsoh h{dpsoh ri vxfk d whvw lv
wkh Odjudqjh pxowlsolhu +OP, whvw ri Euhxvfk dqg Sdjdq +4<;3, zklfk lv edvhg
rq wkh dyhudjh ri wkh vtxduhg sdlu0zlvh fruuhodwlrq ri wkh uhvlgxdov1 Krzhyhu/
lq fdvhv zkhuh Q lv odujh vwdqgdug whfkqltxhv zloo qrw eh dssolfdeoh dqg rwkhu
dssurdfkhv pxvw eh frqvlghuhg1
Lq wkh olwhudwxuh rq vsdwldo vwdwlvwlfv wkh h{whqw ri furvv vhfwlrq ghshqghqfh lv
phdvxuhg zlwk uhvshfw wr d jlyhq frqqhfwlrq ru vsdwldo pdwul{ wkdw fkdudfwhu0
l}hv wkh sdwwhuq ri vsdwldo ghshqghqfh dffruglqjo| wr d suh0vshflhg vhw ri uxohv1
Iru h{dpsoh/ wkh +l> m, hohphqwv ri d frqqhfwlrq pdwul{/ zlm / frxog eh vhw htxdo
wr 4 li wkh lwk dqg mwk uhjlrqv duh mrlqhg/ dqg }hur rwkhuzlvh1 Vhh Prudq +4<7;,
dqg ixuwkhu hoderudwlrqv e| Fol dqg Rug +4<:6/ 4<;4,1 Pruh uhfhqw dffrxqwv
dqg uhihuhqfhv fdq eh irxqg lq Dqvholq +4<;;/ 5334,/ dqg Kdlqlqj +5336/ Fk1 :,1
Wklv dssurdfk/ dsduw iurp ehlqj ghshqghqw rq wkh fkrlfh ri wkh vsdwldo pdwul{/
lv qrw dssursuldwh lq pdq| hfrqrplf dssolfdwlrqv zkhuh vsdfh lv qrw d qdwxudo
phwulf dqg hfrqrplf dqg vrflrsrolwlfdo idfwruv frxog eh pruh dssursuldwh14
Lq wklv sdshu zh sursrvh d vlpsoh gldjqrvwlf whvw wkdw grhv qrw uhtxluh dq d
sulrul vshflfdwlrq ri d frqqhfwlrq pdwul{ dqg lv dssolfdeoh wr d ydulhw| ri sdqho
gdwd prghov/ lqfoxglqj vwdwlrqdu| g|qdplf dqg xqlw0urrw khwhurjhqhrxv sdqhov
zlwk vkruw W dqg odujh Q 1 Wkh sursrvhg whvw lv edvhg rq d vlpsoh dyhudjh ri doo
sdlu0zlvh fruuhodwlrq frh!flhqwv ri wkh Ruglqdu| Ohdvw Vtxduhv +ROV, uhvlgxdov
iurp wkh lqglylgxdo uhjuhvvlrqv lq wkh sdqho1
Wklv whvw/ uhihuuhg wr dv wkh FG +Furvv0vhfwlrq Ghshqghqfh, whvw/ lv vkrzq
wr eh fruuhfwo| fhqwuhg iru {hg Q dqg W / dvvxplqj wkdw wkh xqghuo|lqj huuru
surfhvvhv duh v|pphwulfdoo| glvwulexwhg1 Lwv dv|pswrwlf glvwulexwlrq xqghu wkh
qxoo k|srwkhvhv lv hvwdeolvkhg dqg lw lv vkrzq wr eh urexvw wr vlqjoh ru pxowlsoh
euhdnv lq wkh vorsh frh!flhqwv dqg2ru huuru yduldqfhv/ vr orqj dv wkh xqfrqgl0
wlrqdo phdqv ri yduldeohv lq wkh sdqho uhpdlq frqvwdqw ryhu wlph1
Lq fdvhv zkhuh wkh furvv vhfwlrq xqlwv fdq eh rughuhg d sulrul/ dv zlwk vsdwldo
revhuydwlrqv/ wkh FG whvw pljkw qrw eh vx!flhqwo| srzhuixo dv lw grhv qrw
h{sorlw wkh vsdwldo lqirupdwlrq1 Wr ghdo zlwk wklv sureohp zh dovr sursrvh d
jhqhudol}dwlrq ri wkh FG whvw wkdw fdswxuhv wkh vsdwldo sdwwhuqv zkhq ghhphg
uhohydqw1 Zh vkdoo uhihu wr wklv whvw dv wkh swk rughu vsdwldo ghshqghqfh whvw/
ghqrwhg vlpso| dv FG+s,1 Wkh rughu s phdvxuhv wkh h{whqw ri orfdo ghshqghqfh/
dqg vshflhv wkh qxpehu ri frqwljxrxv od|huv ri qhljkerxuv wkdw wkh lwk furvv
4Iru hpslulfdo dssolfdwlrqv zkhuh hfrqrplf glvwdqfh vxfk dv wudgh sdwwhuqv duh xvhg lq
prghoolqj ri vsdwldo fruuhodwlrqv vhh Frqoh| dqg Wrsd +5335, dqg Shvdudq/ Vfkxhupdqq/ dqg
Zhlqhu +5337,1
4
vhfwlrq xqlw ghshqgv rq1 FG+s, uhgxfhv wr FG iru s @ Q4/ zkhq doo srvvleoh
vsdwldo ghshqghqflhv duh wdnhq lqwr dffrxqw1 Wkh FG+s, whvw fdq eh hdvlo|
dgdswhg wr pdwfk glhuhqw w|shv ri vsdwldo frqqhfwlrq pdwulfhv xvhg lq wkh
olwhudwxuh/ dqg srwhqwldoo| surylghv d vlpsoh dowhuqdwlyh wr d qxpehu ri whvwv
dydlodeoh lq wkh olwhudwxuh ri vsdwldo sdqhov1 Lq dgglwlrq wr lwv vlpsolflw|/ wkh
sursrvhg FG+s, whvw lv dovr dssolfdeoh wr khwhurjhqhrxv g|qdplf sdqhov/ dqg
olnh wkh FG whvw lv urexvw wr vwuxfwxudo euhdnv1
Wkh srzhu ri wkh whvw qdwxudoo| ghshqgv rq wkh qdwxuh ri wkh dowhuqdwlyh
k|srwkhvlv/ dqg ghshqgv rq wkh dyhudjh ydoxh ri wkh sdlu0zlvh fruuhodwlrqv xqghu
wkh dowhuqdwlyh1 Zkhq wklv dyhudjh lv glhuhqw iurp }hur/ wkh srzhu ri wkh whvw
ulvhv zlwk Q
s
W 1 Lq fdvh ri vsdwldo sdqhov zlwk orfdo ghshqghqfh wkh srzhu ri wkh
joredo FG whvw ulvhv rqo| zlwk
s
W / dqg lv qrw vxlwdeoh iru vpdoo W sdqhov/ dqg
vsdwldo yhuvlrqv ri wkh whvw rxjkw wr eh xvhg1 Iru uvw0rughu orfdo ghshqghqfh lw
lv vkrzq wkdw wkh FG+4, whvw kdv srzhu wkdw ulvhv zlwk
s
QW 1
Wkh vpdoo vdpsoh surshuwlhv ri wkh FG dqg wkh FG+4, whvwv duh lqyhvwl0
jdwhg dqg frpsduhg wr wkh OP whvw e| phdqv ri d qxpehu ri Prqwh Fduor
h{shulphqwv1 Lw lv vkrzq wkdw wkh FG whvw kdv wkh fruuhfw vl}h dqg vdwlvidfwru|
srzhu hyhq xqghu d zhdn ghjuhh ri furvv vhfwlrq ghshqghqfh1 Lw dovr wxuqv rxw
wr eh uhpdundeo| urexvw wr pdmru ghsduwxuhv iurp qrupdo huuruv/ sduwlfxoduo|
iru W  43/ dqg/ dv suhglfwhg e| wkh wkhru|/ lw lv qrw dhfwhg e| pxowlsoh euhdnv/
vr orqj dv wkh xqfrqglwlrqdo phdqv ri wkh lqglylgxdo surfhvvhv uhpdlq frqvwdqw
ryhu wlph1 Lq sduwlfxodu/ lq wkh fdvh ri v|pphwulf huuruv wkh whvw kdv wkh fruuhfw
vl}h iru W dv vpdoo dv 8 zlwk Q dv odujh dv 43331 Wkh vdph dovr dssolhv wr wkh
FG+4, whvw lqyhvwljdwhg xqghu uvw0rughu vsdwldo ghshqghqfh1
Wkh xvh ri wkh FG whvw lq hpslulfdo frqwh{wv lv looxvwudwhg e| dsso|lqj lw wr
vwxg| wkh ghjuhh ri ghshqghqfh lq shu fdslwd rxwsxw lqqrydwlrqv dfurvv frxqwulhv
zlwklq d jlyhq uhjlrq dqg dfurvv frxqwulhv lq glhuhqw uhjlrqv1 Zh dovr dsso|
wkh whvw wr dq xqedodqfhg sdqho zkhuh wkh ghshqghqfh ri XN rxwsxw lqqrydwlrqv
rq wkrvh ri frxqwulhv lq rwkhu uhjlrqv +lqfoxglqj Hxursh/ XVD dqg Fdqdgd dqg
Dvld dqg Dxvwudold, lv lqyhvwljdwhg1 Wkh uhvxowv vkrz vljqlfdqw hylghqfh ri
furvv ghshqghqfh lq rxwsxw lqqrydwlrqv dfurvv pdq| frxqwulhv dqg uhjlrqv lq
wkh Zruog/ dowkrxjk zlwk ydu|lqj ghjuhhv1
Wkh sodq ri wkh sdshu lv dv iroorzv1 Wkh sdqho gdwd prgho lv vhw xs lq Vhfwlrq
51 Wkh h{lvwlqj whvwv ri furvv vhfwlrq ghshqghqfh duh eulh | uhylhzhg lq Vhfwlrq
61 Wkh qhz FG whvw lv irupxodwhg lq Vhfwlrq 7/ dqg lwv glvwulexwlrq hvwdeolvkhg
iru vwulfwo| h{rjhqrxv uhjuhvvruv1 Wkh urexvwqhvv ri wkh FG whvw wr vwuxfwxudo
euhdnv lv dgguhvvhg lq Vhfwlrq 81 Wkh dssolfdwlrq ri wkh whvw wr khwhurjhqhrxv
g|qdplf sdqhov zlwk d {hg W lv glvfxvvhg lq Vhfwlrq 91 Vhfwlrq : frqvlghuv
wkh sureohp ri whvwlqj iru wkh suhvhqfh ri orfdo furvv vhfwlrq ghshqghqfh/ xvlqj
vsdwldo sdqhov dv dq h{dpsoh ri vxfk ghshqghqfh1 Wkh srzhu ri wkh FG whvw
lv lqyhvwljdwhg lq Vhfwlrq ;1 Wkh prglfdwlrq ri wkh FG whvw vwdwlvwlf iru xq0
edodqfhg sdqhov lv glvfxvvhg lq Vhfwlrq <1 Vhfwlrq 43 uhsruwv wkh uhvxowv ri wkh
Prqwh Fduor h{shulphqwv1 Vhfwlrq 44 glvfxvvhv wkh hpslulfdo dssolfdwlrq/ dqg
Vhfwlrq 45 frqfoxghv1
5
5 Sdqho Gdwd Prghov
Frqvlghu wkh iroorzlqj sdqho gdwd prgho
|lw @ l . 
3
l{lw . xlw/ iru l @ 4> 5> ===>Q > w @ 4> 5> ===> W> +4,
zkhuh l lqgh{hv wkh furvv vhfwlrq glphqvlrq dqg w wkh wlph vhulhv glphqvlrq/
{lw lv d n  4 yhfwru ri revhuyhg wlph0ydu|lqj uhjuhvvruv +lqglylgxdo0vshflf
dv zhoo dv frpprq uhjuhvvruv,1 Wkh lqglylgxdo lqwhufhswv/ l/ dqg wkh vorsh
frh!flhqwv/ l/ duh ghqhg rq d frpsdfw vhw dqg doorzhg wr ydu| dfurvv l1 Iru
hdfk l/ xlw q LLG+3> 
5
lx,/ iru doo w/ dowkrxjk wkh| frxog eh furvv0vhfwlrqdoo|
fruuhodwhg15 Wkh ghshqghqfh ri xlw dfurvv l frxog dulvh lq d qxpehu ri glhuhqw
zd|v1 Lw frxog eh gxh wr vsdwldo ghshqghqfh/ rplwwhg xqrevhuyhg frpprq
frpsrqhqwv/ ru lglrv|qfudfwlf sdlu0zlvh ghshqghqfh ri xlw dqg xmw +l 9@ m, zlwk
qr sduwlfxodu sdwwhuq ri vsdwldo ru frpprq frpsrqhqwv1 Wkh uhjuhvvruv frxog
frqwdlq odjjhg ydoxhv ri |lw/ eh hlwkhu vwdwlrqdu| +ru lqwhjudwhg ri rughu }hur/
L+3,, ru kdyh xqlw urrwv +ru lqwhjudwhg ri rughu 4/ L+4,,1 Exw lq wkh ghulydwlrqv
ehorz zh dvvxph {lw q L+3,/ dqg glvwlqjxlvk ehwzhhq wkh vwdwlf dqg g|qdplf
fdvhv zkhuh wkh uhjuhvvruv duh vwulfwo| h{rjhqrxv dqg zkhq wkh| duh zhdno|
h{rjhqrxv/ vshflfdoo| zkhq {lw @ +|l>w4> ===> |l>ws,1
Lq sdqho gdwd olwhudwxuh wkh sulpdu| irfxv ri wkh dqdo|vlv lv riwhq dq dyhudjh
hvwlpdwh ri wkh vorsh frh!flhqwv/ zlwk wkh lqwhufhswv/ l/ ehlqj w|slfdoo| wuhdwhg
dv qxlvdqfh +ru lqflghqwdo, sdudphwhuv1 Iru h{dpsoh/ wkh {hg hhfwv prgho
lpsrvhv wkh vorsh krprjhqhlw| uhvwulfwlrqv6
l @ / iru doo l1
D ohvv uhvwulfwlyh vshflfdwlrq lv jlyhq e| wkh Vzdp|*v +4<:3, udqgrp frh!flhqw
prgho
l @  . yl/ yl q llg +3>y, >
zlwk wkh phdqv/ / ehlqj wkh irfxv ri wkh dqdo|vlv1 Wkh lghd lv wr srro uhjuhv0
vlrqv iurp glhuhqw furvv vhfwlrq xqlwv lq rughu wr lpsuryh wkh h!flhqf| zlwk
zklfk wkh +phdq, vorsh frh!flhqwv/ / duh hvwlpdwhg1 Dv zh vkdoo vhh rxu sur0
srvhg whvw ri furvv vhfwlrq ghshqghqfh lv dssolfdeoh wr {hg dqg udqgrp hhfwv
prghov dv zhoo dv wr wkh pruh jhqhudo khwhurjhqhrxv vorsh ru udqgrp frh!flhqw
vshflfdwlrqv1
6 H{lvwlqj Whvwv ri Furvv Vhfwlrq Ghshqghqfh
Fxuuhqwo|/ wkhuh duh wzr dowhuqdwlyh dssurdfkhv wr whvwlqj iru furvv vhfwlrq gh0
shqghqfh lq sdqhov/ qdpho| whvwlqj iru vsdwldo fruuhodwlrq slrqhhuhg e| Prudq
+4<7;, dqg wkh Odjudqjh pxowlsolhu dssurdfk ri Euhxvfk dqg Sdjdq +4<;3/ ss1
57:057;,1
5Wkh dvvxpswlrq wkdw |*v duh vhuldoo| xqfruuhodwhg lv qrw uhvwulfwlyh dqg fdq eh dffrp0
prgdwhg e| lqfoxglqj d vx!flhqw qxpehu ri odjjhg ydoxhv ri +| dprqjvw wkh uhjuhvvruv1
6Wkh vwdqgdug {hg hhfwv hvwlpdwru dovr dvvxphv wkdw j2 ’ j
21
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614 Whvwv ri Vsdwldo Ghshqghqfh
Zkhq wkh furvv vhfwlrq xqlwv dgplw d wlph0lqyduldqw rughulqj dv lq vsdwldo dssol0
fdwlrqv/ wkh furvv vhfwlrq ghshqghqfh +nqrzq dv vsdwldo dxwrfruuhodwlrq lq wkh
vsdwldo olwhudwxuh, lv whvwhg zlwk uhvshfw wr d suh0vshflhg frqqhfwlrq pdwul{1
Wkh whvw lv w|slfdoo| frqvlghuhg lq wkh frqwh{w ri d vlqjoh furvv vhfwlrq/ exw fdq
eh uhdglo| h{whqghg wr sdqhov1 Lq wkh frqwh{w ri +4,/ vsdwldo ghshqghqfh ri wkh
huuruv fdq eh prghoohg xvlqj wkh vsdwldo zhljkw pdwul{/ Z @ +zlm,/
xlw @ 
3C Q[
m@4
zlmxmw
4D. l%lw iru l @ 4> 5> ===>Q> +5,
zkhuh %lw q LLG+3> 4, iru doo l dqg w1 Wkh vsdwldo zhljkwv/ zlm / duh w|slfdoo|
dvvxphg wr eh suh0vshflhg/ dqg wkh furvv vhfwlrq ghshqghqfh ri wkh huuruv lv
lqyhvwljdwhg e| whvwlqj wkh qxoo k|srwkhvlv ri  @ 31 Lq vshflfdwlrq ri Z/
glhuhqw w|shv ri jhrjudsklfdo frqqhfwlrqv duh xvhg dv vhw rxw/ iru h{dpsoh/ lq
Fol dqg Rug +4<:6/ 4<;4,1 Wkh vwdwlvwlfdo wkhru| ehklqg whvwlqj iru  @ 3
lv uhylhzhg/ iru h{dpsoh/ lq Dqvholq +4<;;,/ Dqvholq dqg Ehud +4<<;,/ Kdlqlqj
+5336,/ zlwk ixuwkhu uhvxowv dqg h{whqvlrqv surylghg lq Edowdjl/ Vrqj dqg Nrk
+5336,1
Lq hfrqrplf dssolfdwlrqv lw lv srvvleoh wr xvh hfrqrplf glvwdqfh vxfk dv wudgh
ru rxwsxw sdwwhuqv iru fdoleudwlrq ri wkh vsdwldo pdwul{1 Wklv/ iru h{dpsoh/ doorzv
wkh vsdwldo zhljkwv wr eh wlph ydu|lqj1 Rwkhu h{whqvlrqv duh dovr srvvleoh1 Exw/
lq wkh qdo dqdo|vlv wkh vsdwldo ghshqghqfh +dxwrfruuhodwlrq, whvw frxog fulwlfdoo|
ghshqg rq wkh fkrlfh ri Z1 Wklv pljkw eh lqhylwdeoh iru sxuh furvv vhfwlrqv/
dowkrxjk lq d sdqho frqwh{w lw lv srvvleoh wr ghyhors rwkhu w|shv ri whvwv wkdw gr
qrw ghshqg rq Z1
615 Euhxvfk dqg Sdjdq*v Whvw ri Furvv Vhfwlrq Ghshq0
ghqfh
Lq wkh VXUH frqwh{w zlwk Q {hg dqg dv W $ 4/ Euhxvfk dqg Sdjdq +4<;3,
sursrvhg dq Odjudqjh pxowlsolhu +OP, vwdwlvwlf iru whvwlqj wkh qxoo ri }hur furvv
htxdwlrq huuru fruuhodwlrqv zklfk lv sduwlfxoduo| vlpsoh wr frpsxwh dqg grhv
qrw uhtxluh wkh v|vwhp hvwlpdwlrq ri wkh VXUH prgho1 Wkh whvw lv edvhg rq wkh
iroorzlqj OP vwdwlvwlf
FGop @ W
Q4[
l@4
Q[
m@l.4
a5lm >
zkhuh alm lv wkh vdpsoh hvwlpdwh ri wkh sdlu0zlvh fruuhodwlrq ri wkh uhvlgxdov1
Vshflfdoo|/
alm @ aml @
SW
w@4 hlwhmwSW
w@4 h
5
lw
4@5 SW
w@4 h
5
mw
4@5 > +6,
7
dqg hlw lv wkh Ruglqdu| Ohdvw Vtxduhv +ROV, hvwlpdwh ri xlw ghqhg e|
hlw @ |lw  al  a3l{lw> +7,
zlwk al dqg al ehlqj wkh hvwlpdwhv ri l dqg l frpsxwhg xvlqj wkh ROV
uhjuhvvlrq ri |lw rq dq lqwhufhsw dqg {lw iru hdfk l> vhsdudwho|1 Xqolnh wkh
vsdwldo ghshqghqfh whvw/ wkh OP whvw lv pruh jhqhudoo| dssolfdeoh dqg grhv qrw
uhtxluh d sduwlfxodu rughulqj ri wkh furvv vhfwlrq xqlwv1 Krzhyhu/ lw lv ydolg iru
Q uhodwlyho| vpdoo dqg W vx!flhqwo| odujh1 Lq wklv vhwwlqj Euhxvfk dqg Sdjdq
vkrz wkdw xqghu wkh qxoo k|srwkhvlv ri qr furvv vhfwlrq ghshqghqfh/ vshflhg
e|
Fry +xlw> xmw, @ 3> iru doo w/ l 9@ m> +8,
FGop lv dv|pswrwlfdoo| glvwulexwhg dv fkl0vtxduhg zlwk Q+Q  4,@5 ghjuhhv ri
iuhhgrp1 Dv lw vwdqgv wklv whvw lv qrw dssolfdeoh zkhq Q $41 Krzhyhu/ qrwlqj
wkdw xqghu K3/
Wa5lm
d
q "54
zlwk a5lm / l @ 4> 5> ==>Q 4/ m @ l.4> 5> ===>Q / ehlqj dv|pswrwlfdoo| lqghshqghqw/
wkh iroorzlqj vfdohg yhuvlrq ri FGop fdq eh frqvlghuhg iru whvwlqj wkh k|srwkhvlv
ri furvv ghshqghqfh hyhq iru Q dqg W odujh=
FGop @
v
4
Q+Q  4,
Q4[
l@4
Q[
m@l.4
+Wa5lm  4,= +9,
Lw lv qrz hdvlo| vhhq wkdw xqghu K3 zlwk W $ 4 uvw dqg wkhq Q $ 4 zh
zrxog kdyh
FGop
d
q Q+3> 4,=
Krzhyhu/ wklv whvw lv olnho| wr h{klelw vxevwdqwldo vl}h glvwruwlrqv iru Q odujh dqg
W vpdoo/ d vlwxdwlrq wkdw fdq iuhtxhqwo| dulvh lq hpslulfdo dssolfdwlrqv1 Wklv lv
sulpdulo| gxh wr wkh idfw wkdw iru d qlwh W / H+Wa5lm  4, zloo qrw eh fruuhfwo|
fhqwhuhg dw }hur/ dqg zlwk Q odujh wkh lqfruuhfw fhqwhulqj ri wkh OP vwdwlvwlf
lv olnho| wr eh dffhqwxdwhg/ uhvxowlqj lq vl}h glvwruwlrqv wkdw whqg wr jhw zruvh
zlwk Q 1
7 D Qhz Whvw ri Furvv Vhfwlrq Ghshqghqfh
Wkhuh lv fohduo| d qhhg iru d whvw ri furvv vhfwlrq ghshqghqfh zlwk uhdvrqdeoh
vpdoo vdpsoh surshuwlhv wkdw grhv qrw ghshqg rq d sduwlfxodu vsdwldo zhljkw
pdwul{/ sduwlfxoduo| zkhq Q lv odujh dqg W vpdoo1 Uhfrjql}lqj wkh vkruwfrplqj
ri wkh Euhxvfk dqg Sdjdq*v OP whvw zkhq Q lv odujh/ zh sursrvh wkh iroorzlqj
vlpsoh dowhuqdwlyh zklfk lv edvhg rq wkh sdlu0zlvh fruuhodwlrq frh!flhqwv udwkhu
wkdq wkhlu vtxduhv xvhg lq wkh OP whvw=
FG @
v
5W
Q+Q  4,
3CQ4[
l@4
Q[
m@l.4
alm
4D = +:,
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Xqolnh wkh OP whvw vwdwlvwlf/ FGop/ wkh deryh vwdwlvwlf kdv h{dfwo| phdq }hur
iru {hg ydoxhv ri W dqg Q / xqghu d zlgh fodvv ri sdqho gdwd prghov/ lqfoxglqj
khwhurjhqhrxv g|qdplf prghov vxemhfw wr pxowlsoh euhdnv lq wkhlu vorsh frh!0
flhqwv dqg huuru yduldqfhv/ vr orqj dv wkh xqfrqglwlrqdo phdqv ri |lw dqg {lw duh
wlph0lqyduldqw dqg wkhlu lqqrydwlrqv duh v|pphwulfdoo| glvwulexwhg1
Lqlwldoo|/ zh surylgh d surri lq wkh fdvh ri wkh vwdqgdug sdqho gdwd prgho/
+4, vxemhfw wr wkh iroorzlqj dvvxpswlrqv=
Dvvxpswlrq 4= Iru hdfk l/ wkh glvwxuedqfhv/ xlw/ duh vhuldoo| lqghshqghqw
zlwk }hur phdqv dqg wkh yduldqfh/ 5l / vxfk wkdw 3 ? l ?41
Dvvxpswlrq 5= Xqghu wkh qxoo k|srwkhvlv ghqhg e|
K3 = xlw @ l%lw> zlwk %lw q LLG+3> 4, iru doo l dqg w/
wkh glvwxuedqfhv/ %lw/ duh v|pphwulfdoo| glvwulexwhg durxqg 31
Dvvxpswlrq 6= Wkh uhjuhvvruv/ {lw/ duh vwulfwo| h{rjhqrxv vxfk wkdw
H +xlw m [l, @ 3/ iru doo l dqg w>
zkhuh [l @ +{l4>{l5> ===>{lW ,
3
/ dqg [3l[l lv d srvlwlyh ghqlwh pdwul{1
Dvvxpswlrq 7= W A n . 4 dqg wkh ROV uhvlgxdov/ hlw/ ghqhg e| +7,/ duh
qrw doo }hur17
Wkhruhp 4 Xqghu Dvvxpswlrqv 407/
H

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
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dqg
H +FG, @ 3>
iru doo Q dqg W A n . 4/ zkhuh alm dqg FG duh ghqhg e| +6, dqg +:,/ uhvshf0
wlyho|18
Surri=1 Iluvw qrwh wkdw wkh sdlu0zlvh fruuhodwlrq frh!flhqwv fdq eh zulwwhq
dv
alm @
W[
w@4
lwmw> +;,
zkhuh lw duh wkh vfdohg uhvlgxdov ghqhg e|
lw @
hlw
+h3lhl,
4@5
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7Wkh uhtxluhphqw A : & n  fdq eh uhod{hg xqghu vorsh krprjhqhlw| dvvxpswlrq/  ’ 
zkhuh {hg hhfwv uhvlgxdov fdq eh xvhg lq wkh frqvwuxfwlrq ri wkh FG vwdwlvwlf lqvwhdg ri e|1
8 Vlplodu uhvxowv fdq dovr eh rewdlqhg iru {hg ru udqgrp hhfwv prghov1 Lw vx!fhv li wkh
ROV uhvlgxdov xvhg lq wkh frpsxwdwlrq ri 	4 duh uhsodfhg zlwk dvvrfldwhg uhvlgxdov iurp
{hg ru udqgrp hhfwv vshflfdwlrqv1 Exw wkh FG whvw edvhg rq wkh lqglylgxdo0vshflf ROV
uhvlgxdov duh urexvw wr vorsh dqg huuru0yduldqfh khwhurjhqhlw| zklovw wkh {hg ru udqgrp hhfwv
uhvlgxdov duh qrw1
9
hlw lv wkh ROV uhvlgxdov iurp wkh lqglylgxdo0vshflf uhjuhvvlrqv/ ghqhg e| +7,/
dqg hl @ +hl4> hl5> ===> hlW ,
31 Dovr/
hl @ lPl%l/ zlwk Pl @ LW [l +[3l[l,4[3l>
zkhuh %l @ +%l4> %l5>===> %lW ,
31 Wkhuhiruh/ frqglwlrqdo rq {lw/ wkh vfdohg uhvlgxdov/
lw/ duh rgg ixqfwlrqv ri wkh glvwxuedqfhv/ %lw/ dqg xqghu Dvvxpswlrq 5 zh kdyh
H +lw m [l, @ 3> iru doo l dqg w1
Khqfh/ xqfrqglwlrqdoo| zh dovr kdyh
H +lw, @ 3/ iru doo l dqg w1
Xvlqj wklv uhvxow lq +;, qrz |lhogv/
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zklfk lq wxuq hvwdeolvkhv wkdw +xvlqj +:,,
H+FG, @ 3/
iru dq| Q / dqg doo W A n . 4=
Frqvlghu qrz wkh dv|pswrwlf glvwulexwlrq ri
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xqghu wkh qxoo k|srwkhvlv/ K31 Iluvw qrwh wkdw xqghu Dvvxpswlrqv 407/ alm dqg
alv duh furvv vhfwlrqdoo| lqghshqghqw iru l> m dqg v/ vxfk wkdw l 9@ m 9@ v1 Lq
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Khqfh/ iru d {hg W A n . 4/ dqg dv Q $4 zh kdyh
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Dq rshudwlrqdo yhuvlrq ri wklv whvw fdq eh rewdlqhg xvlqj wkh qrq0sdudphwulf
hvwlpdwh
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Lq whupv ri wkh vfdohg uhvlgxdov/ lw/ wkh jhqhudo irup ri wkh FG vwdwlvwlf zloo eh
jlyhq e|
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4@W / lq zklfk fdvh wkh vlpsoh yhuvlrq ri wkh whvw/ FG/ jlyhq e| +:, frxog eh
xvhg1
Wkh deryh uhvxow dovr krogv dv W $41 Wr vhh wklv qrwh wkdw
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Exw xqghu K3/ %lw dqg %mw duh lqghshqghqwo| glvwulexwhg dqg vhuldoo| xqfruuh0
odwhg zlwk phdq 3 dqg d xqlw yduldqfh1 Wkhuhiruh/ iru hdfk l 9@ m/ dv W $4
s
Walm
W
@, Q +3> 4, =
9Wkh iroorzlqj ghulydwlrqv dvvxph wkdw wkh uhjuhvvruv duh vwdwlrqdu|1 Exw/ lw lv hdvlo| vhhq
wkdw wkh vdph uhvxowv iroorz iru UE uhjuhvvruv vr orqj dv wkh Dvvxpswlrqv 407 krog1
;
Xvlqj wklv uhvxow lq +:, dqg ohwwlqj Q $4/ zh qrz kdyh +xqghu K3,
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Lw lv wkhuhiruh fohdu wkdw wkh FG whvw lv ydolg iru Q dqg W whqglqj wr lqqlw|
lq dq| rughu1 Lw lv dovr fohdu wkdw vlqfh wkh phdq ri FG lv h{dfwo| htxdo wr
}hur iru doo {hg W A n . 4 dqg Q> wkh whvw lv olnho| wr kdyh jrrg vpdoo vdpsoh
surshuwlhv +iru erwk Q dqg W vpdoo,/ d frqmhfwxuh zklfk vhhpv wr eh vxssruwhg
e| h{whqvlyh Prqwh Fduor h{shulphqwv wr eh uhsruwhg lq Vhfwlrq 431
8 Urexvwqhvv ri wkh FGWhvw wr Vwuxfwxudo Euhdnv
Rqh ri wkh nh| ihdwxuhv ri wkh sursrvhg FG whvw lv lwv urexvwqhvv wr vlqjoh dqg
hyhq pxowlsoh vwuxfwxudo euhdnv lq wkh vorsh frh!flhqwv dqg wkh huuru yduldqfhv
ri wkh lqglylgxdo uhjuhvvlrqv1 Frqvlghu/ iru h{dpsoh/ wkh iroorzlqj jhqhudol}dwlrq
ri +4,
|lw @

l| . 
3
l4+{lw  l{, . l4%lw> w @ 4> 5> ===> Wl4>
l| . 
3
l5+{lw  l{, . l5%lw> w @ Wl4 . 4> ===> W iru l @ 4> 5> ===>Q>
+44,
zkhuh wkh vorsh frh!flhqwv/ lm / dqg wkh huuru yduldqfhv/ 
5
lm > iru m @ 4> 5 duh
vxemhfw wr d vlqjoh euhdn dw wlph w @ Wl4/ dqg %lw  llg+3> 4,1 Qrwh wkdw wkh
euhdn srlqw qhhg qrw eh wkh vdph dfurvv l1 Wklv vshflfdwlrq dovr doorzv iru
lqgxfhg fkdqjhv lq wkh uhjuhvvlrq lqwhufhswv
lm @ l|  3lml{> m @ 4> 5> +45,
exw uhvwulfwv wkh xqfrqglwlrqdo phdqv ri |w dqg {w/ qdpho| | dqg {/ wr eh
wlph0lqyduldqw1 Xqghu wklv vhw xs dqg dvvxplqj wkdw %lw dqg wkh lqqrydwlrqv lq
{lw duh v|pphwulfdoo| glvwulexwhg durxqg }hur/ lw fdq eh vkrzq wkdw wkh ROV
uhvlgxdov/ hlw/ ghqhg e| +7,/ zklfk ljqruhv wkh srvvlelolw| ri vwuxfwxudo euhdnv
frqwlqxhv wr eh dq rgg ixqfwlrq ri %lw/ w @ 4> ===> W / dqg hqvxuhv wkdw alm edvhg
rq wkh ROV uhvlgxdov wkdw ljqruh wkh euhdn+v, zloo kdyh }hur phdq h{dfwo| iru
dq| {hg W A n . 41: Wkhuhiruh/ wkh FG whvw zloo kdyh wkh fruuhfw vl}h xqghu
vwuxfwxudo euhdnv1 Lq idfw/ wkh dqdo|vlv uhdglo| h{whqgv wr vlwxdwlrqv zkhuh wkh
vorshv dqg wkh huuruv yduldqfhv kdyh ehhq vxemhfw wr pxowlsoh euhdnv1 Lq frqwudvw/
wkh OP whvw ri furvv vhfwlrq ghshqghqfh qhhg qrw kdyh wkh fruuhfw vl}h/ hyhq
dv|pswrwlfdoo|/ zkhq wkh xqghuo|lqj uhjuhvvlrqv duh vxemhfw wr euhdnv1
9 Furvv Vhfwlrq Ghshqghqfh lq Khwhurjhqhrxv
G|qdplf Sdqhov
Frqvlghu qrz wkh pruh ghpdqglqj sureohp ri whvwlqj furvv vhfwlrq ghshqghqfh
lq g|qdplf khwhurjhqhrxv prghov/ dqg dv dq h{dpsoh frqvlghu wkh iroorzlqj
:Vhh Dsshqgl{ D iru d surri1
<
uvw0rughu g|qdplf sdqho gdwd prgho
|lw @ l . l|l>w4 . l%lw/ l @ 4> 5> ===>Q > w @ 4> 5> ===> W>
zkhuh l @ l+4  l,/ dqg wkh surfhvv lqlwldol}hg zlwk |l3 @ l . l%l31 Dovr/
dv ehiruh/ zh dvvxph wkdw iru hdfk l wkh huuruv/ %lw/ w @ 3> 4> ===> W duh vhuldoo|
xqfruuhodwhg zlwk d }hur phdq dqg d xqlw yduldqfh exw frxog eh furvv0vhfwlrqdoo|
fruuhodwhg1
Wkh deryh vshflfdwlrq lv txlwh jhqhudo dqg doorzv wkh xqghuo|lqj DU+4,
surfhvvhv wr eh vwdwlrqdu| iru vrph lqglylgxdov dqg kdyh d xqlw urrw iru vrph
rwkhu lqglylgxdov lq wkh sdqho1 Lq wkh vwdwlrqdu| fdvh/ li wkh surfhvv kdv vwduwhg
d orqj wlph lq wkh sdvw zh zrxog kdyh l @ l

4 5l
4@5
1 Lq wkh xqlw urrw
fdvh zkhuh l @ 4/ l frxog vwloo glhu dfurvv l ghshqglqj rq wkh qxpehu ri
shulrgv wkdw wkh lwk xqlw urrw surfhvv kdv ehhq lq rshudwlrq ehiruh wkh lqlwldo
revhuydwlrq/ |l31
Jlyhq wkh frpsolfdwhg qdwxuh ri wkh g|qdplfv dqg wkh pl{ ri vwdwlrqdu|
dqg xqlw surfhvvhv wkdw frxog suhydlo lq d jlyhq sdqho/ whvwlqj iru furvv vhfwlrq
ghshqghqfh pljkw vhhp d krshohvv xqghuwdnlqj iru d {hg W dqg dv Q $41 Dv
lw lv zhoo nqrzq wkh ROV hvwlpdwhv ri l dqg l iru wkh lqglylgxdo vhulhv/ dv zhoo
dv wkh {hg dqg udqgrp hhfwv sdqho hvwlpdwhv xvhg xqghu vorsh krprjhqhlw|
+l @ , duh eldvhg zkhq W lv vpdoo1
; Wkh eldv frxog eh vxevwdqwldo iru ydoxhv
ri l qhdu xqlw|1 Qhyhuwkhohvv/ dv lw wxuqv rxw wkh FG whvw dgydqfhg lq wklv
sdshu lv vwloo ydolg iru doo ydoxhv ri l lqfoxglqj xqlw|1 Wkh pdlq uhdvrq olhv lq
wkh idfw wkdw ghvslwh wkh vpdoo vdpsoh eldv ri wkh sdudphwhu hvwlpdwhv/ wkh ROV
ru {hg hhfwv uhvlgxdov kdyh h{dfwo| phdq }hur hyhq iru d {hg W / vr orqj dv
%lw w @ 3> 4> ===> W duh v|pphwulfdoo| glvwulexwhg1 Wr vhh wklv zh uvw zulwh wkh
lqglylgxdo DU+4, surfhvvhv lq pdwul{ qrwdwlrqv dv
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3/ W.4 lv d +W . 4,4 yhfwru
ri rqhv/ Gl lv d +W . 4,  +W . 4, gldjrqdo pdwul{ zlwk lwv uvw hohphqw htxdo
wr l dqg wkh uhpdlqlqj hohphqwv htxdo wr l/ dqg
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Wkh ROV hvwlpdwhv ri lqglylgxdo lqwhufhswv dqg vorshv fdq qrz eh zulwwhq dv
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yhfwru ri }hurv1 Xvlqj wkhvh uhvxowv zh qrz kdyh wkh iroorzlqj h{suhvvlrq iru wkh
ROV uhvlgxdov/ hlw @ |lw  al  al|l>w4/
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Xvlqj +46, zh dovr qrwh wkdw |l>w4l @ v3w4Kl%l / zkhuh vw4 lv d +W . 4,4
vhohfwlrq yhfwru zlwk }hur hohphqwv h{fhsw iru lwv wwk hohphqw zklfk lv xqlw|1
Wkhuhiruh/ hlw> dqg khqfh lw @ +h
3
lhl,
4@5 hlw zloo eh dq rgg ixqfwlrq ri %l /
dqg zh kdyh H+lw, @ 3/ w @ 4> 5> ==> W / xqghu wkh dvvxpswlrq wkdw %

l kdv d
v|pphwulf glvwulexwlrq1 Wkxv/ xqghu wkh qxoo k|srwkhvlv wkdw %lw dqg %mw duh
furvv vhfwlrqdoo| lqghshqghqw zh kdyh H+alm, @ 3/ dqg wkh FG whvw dgydqfhg khuh
frqwlqxhv wr krog iru g|qdplf khwhurjhqhrxv sdqho gdwd prghov1 Ixuwkhupruh/
wkh whvw zloo eh urexvw wr vwuxfwxudo euhdnv vr orqj dv wkh xqfrqglwlrqdo phdq ri
wkh surfhvv uhpdlqv xqfkdqjhg/ qdpho| li H+|lw, @ l> iru doo w1 D surri lq wkh
fdvh ri d vlqjoh euhdn/ exw lq wkh frqwh{w d jhqhudo DU+s, surfhvv/ lv surylghg lq
Dsshqgl{ E1 Wkh urexvwqhvv ri wkh FG whvw lq wkh suhvhqfh ri pxowlsoh euhdnv
zloo eh looxvwudwhg e| phdqv ri Prqwh Fduor h{shulphqwv lq Vhfwlrq 431
: FG Whvwv iru Orfdo Furvv Vhfwlrq Ghshqghqfh
Wkh srzhu ri wkh FG whvw fdq eh vxevwdqwldoo| hqkdqfhg zkhq wkh ghshqghqfh
xqghu wkh dowhuqdwlyh k|srwkhvlv lv orfdo1 D surplqhqw h{dpsoh ri vxfk ghshq0
ghqfh lv wkh ydulrxv vsdwldo sdwwhuqv ghqhg rq d odwwlfh lq wkh vsdwldo olwhudwxuh1<
Orfdo ghshqghqfh lv xvxdoo| ghqhg zlwk uhvshfw wr d zhljkw pdwul{/ Z @+zlm,/
dssolhg wr d sduwlfxodu rughulqj ri wkh furvv vhfwlrq xqlwv1 D zhoo nqrzq h{dpsoh
lv wkh vr0fdoohg urrn irupdwlrq xqghu zklfk zlm @ 4 li wkh l
wk furvv vhfwlrq
xqlwv lv wrsrorjlfdoo| dgmdfhqw wr wkh mwk furvv vhfwlrq xqlw/ dqg zlm @ 3/ rwkhu0
zlvh143 Wklv lv dq h{dpsoh ri d uvw0rughu qhljkerxukrrg ghshqghqfh/ dqg fdq
eh uhdglo| h{whqghg wr kljkhu rughuv1 Lw lv riwhq frqyhqlhqw wr rughu wkh furvv
vhfwlrq xqlwv e| wkhlu wrsrorjlfdo srvlwlrq/ vr wkdw wkh swk rughu qhljkerxuv ri
wkh lwk furvv vhfwlrq xqlw fdq eh ghqhg dv wkh l. s dqg wkh l s furvv vhfwlrq
xqlwv1
Wr whvw iru wkh suhvhqfh ri orfdo ghshqghqfh zh vkdoo frqglwlrq rq wkh rughu
ri orfdo ghshqghqfh1 Xqghu wkh dowhuqdwlyh k|srwkhvlv ri d swk rughu orfdo gh0
shqghqfh zh sursrvh wkh iroorzlqj jhqhudol}dwlrq ri wkh FG vwdwlvwlf ghqhg e|
<Vhh/ iru h{dpsoh/ Fol dqg Rug +4<:6,1
43Dqrwkhu srvvlelolw| wkdw frxog eh pruh uhohydqw iru wkh dqdo|vlv ri hfrqrplf dqg qdqfldo
sdqhov zrxog eh wr vhw  ’ / li wkh hfrqrplf glvwdqfh ehwzhhq wkh | dqg wkh |furvv
vhfwlrq xqlwv lv ohvv wkdw d wkuhvkrog/ 7_/ dqg  ’ f/ rwkhuzlvh1
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zkhuh s @ 4> 5> ===>Q41 Zh vkdoo uhihu wr wklv whvw dv wkh orfdo FG whvw ri rughu
s/ ru FG+s, iru vkruw1 Fohduo|/ FG+Q  4, uhgxfhv wr wkh FG vwdwlvwlf1 Wklv lv
qrw vxusulvlqj dv orfdo ghshqghqfh pdnhv vhqvh rqo| iru ydoxhv ri s ? Q  41
Olnh FG/ xqghu Dvvxpswlrqv 407 wkh FG+s, vwdwlvwlf kdv phdq }hur h{dfwo|
iru dq| Q dqg doo W A n. 41 Lw lv dovr hdvlo| vhhq wkdw iru d jlyhq s/ dqg iru Q
dqg W vx!flhqwo| odujh/ FG+s,
d
q Q +3> 4,1 Qrwh/ krzhyhu/ wkdw FG+s, whvw fdq
eh lpsohphqwhg rqo| li wkh furvv vhfwlrq xqlwv fdq eh jlyhq dq rughulqj zklfk
uhpdlqv lppxwdeoh ryhu wlph1 Lq wkh devhqfh ri vxfk rughulqj/ FG @ FG+Q4,
fdq eh xvhg zklfk lv lqyduldqw wr uh0rughulqj ri wkh furvv vhfwlrq xqlwv1
; Srzhu ri wkh FG Whvwv
Qdwxudoo| wkh srzhu ri wkh FG ghshqgv rq wkh irup ri wkh dowhuqdwlyh k|srwk0
hvlv1 Khuh zh frqvlghu wzr srvvleoh vshflfdwlrqv/ qdpho| d joredo furvv ghshq0
ghqfh dowhuqdwlyh ghqhg yld d pxowl0idfwru prgho/ dqg d orfdo furvv ghshqghqfh
dowhuqdwlyh edvhg rq d uvw0rughu vsdwldo prgho1
;14 Srzhu xqghu Joredo Furvv Ghshqghqfh
D jhqhudo dowhuqdwlyh vshflfdwlrq wkdw doorzv iru joredo furvv vhfwlrq ghshq0
ghqfh lq sdqhov lv wkh xqrevhuyhg pxowl0idfwru prgho ghqhg e|
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Wkh p4 yhfwru ri xqrevhuyhg frpprq idfwruv frxog eh dq| jhqhudo vwdwlrqdu|
surfhvv dqg zlwkrxw orvv ri jhqhudolw| fdq eh ruwkrqruqpdol}hg wr kdyh phdq
}hur dqg wkh yduldqfh fryduldqfh pdwul{ Lp1 Dowhuqdwlyh dvvxpswlrqv uhjduglqj
wkh ghshqghqfh ri iw rq %lw dqg wkh uhjuhvvruv/ {lw frxog dovr eh hqwhuwdlqhg1
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zkhuh 	ll lv d srvlwlyh ghqlwh pdwul{1
Wkh h{whqw ri sdlu0zlvh furvv vhfwlrq ghshqghqfh lq wkh sdqho lv phdvxuhg e|
wkh idfwru ordglqjv l dqg m 1 Wkh qxoo k|srwkhvlv ri furvv vhfwlrq lqghshqghqfh
lv qrz ghqhg e|
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dv frpsduhg wr wkh dowhuqdwlyhv wkdw
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Frqvlghu qrz wkh FG whvw vwdwlvwlf ghqhg e| +:, dqg qrwh wkdw xqghu Kd/
wkh yhfwru ri wkh ROV uhvlgxdov lv jlyhq e|
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Wkh qlwh vdpsoh surshuw| ri alm xqghu Kj lv txlwh frpsolfdwhg dqg ghshqgv rq
wkh pdjqlwxgh ri wkh idfwru ordglqjv dqg wkh furvv fruuhodwlrq sdwwhuqv ri wkh
uhjuhvvruv dqg wkh xqrevhuyhg idfwruv1 Lw grhv qrw/ krzhyhu/ ghshqg rq wkh huuru
yduldqfhv/ 5l 1 Krzhyhu/ lw lv srvvleoh wr ghulyh wkh dv|pswrwlf srzhu ixqfwlrq
ri wkh FG whvw xqghu wkh orfdo dowhuqdwlyhv=45
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44Wkhvh dvvxpswlrqv doorz iru wkh lqfoxvlrq ri odjjhg ghshqghqw yduldeohv dprqjvw wkh
uhjuhvvruv dqg fdq eh uhod{hg ixuwkhu wr wdnh dffrxqw ri qrq0vwdwlrqdu| UE uhjuhvvruv1
45Khuh orfdo lv xvhg lq wkh pdwkhpdwlfdo vwdwlvwlfdo vhqvh ruljlqdoo| ghyhorshg e| Slwpdq1
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dqg xvlqj +43,/ +48,/ +49, lw lv hdvlo| vhhq wkdw wkh ghqrplqdwru ri +4<, lv htxdo
wr 4 . rs+4, +dv W dqg Q $ 4,1 Khqfh/ xvlqj wkhvh uhvxowv lq +:,/ dqg diwhu
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Wkh uvw whup uhsuhvhqwv vxpv ri llg+3> 4, udqgrp yduldeohv dqg whqg wr Q+3> 4,
dv erwk Q dqg W whqg wr lqqlw|1 Wkh vhfrqg whup whqgv wr #/ wkh qrq0fhqwudolw|
sdudphwhu ghqhg e| +54,1 Xqghu wkh dvvxpswlrq wkdw %lw dqg m duh glvwulexwhg
lqghshqghqwo| iru doo l/ m/ dqg w/ wkh wklug whup whqgv wr }hur lq suredelolw| dv
Q dqg W whqg wr lqqlw|1 Khqfh/ xqghu wkh Slwpdq orfdo dowhuqdwlyhv/ Kj>QW /
dqg wkh dvvxpswlrqv +48, dqg +49, zh kdyh
FG mKj>QW +Q>W ,@, Q +#> 4, =
Wklv uhvxow grhv qrw ghshqg rq wkh rughu e| zklfk Q dqg W whqg wr lqqlw|1 Lw
dovr hvwdeolvkhv wkh frqvlvwhqf| ri wkh FG whvw dw wkh udwh ri Q
s
W / xqghu wkh
pxowl0idfwru dowhuqdwlyhv/ vr orqj dv # 9@ 31 Wklv frqglwlrq lv fohduo| vdwlvhg
xqghu wkh krprjhqhrxv dowhuqdwlyh/ m @  9@ 3/ zklfk |lhogv # @ 3 A 31
Xqghu khwhurjhqhrxv dowhuqdwlyhv lw lv srvvleoh iru # wr eh }hur/ hyhq li vrph ru
doo ri wkh lqglylgxdo idfwru ordglqjv duh qrq0}hur xqghu {hg dowhuqdwlyhv1 Wklv
fdq dulvh li l duh lqghshqghqwo| glvwulexwhg zlwk phdq }hurv dqg qlwh vhfrqg0
rughu prphqwv1 Lq vxfk d fdvh wkh FG whvw zloo qr orqjhu eh frqvlvwhqw1 Wklv
lv fohduo| d olplwdwlrq +qrw vkduhg e| wkh OP whvw,/ exw lwv sudfwlfdo vljqlfdqfh
vhhpv udwkhu grxewixo1 Dv lw lv vkrzq lq Shvdudq +5335,/ xqghu H+l,@ 3/ wkh
furvv vhfwlrq dyhudjhv/ |w dqg {w> ghqhg e|
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zloo eh shuihfwo| fruuhodwhg iru vx!flhqwo| odujh Q / dq rxwfrph uduho| hqfrxq0
whuhg lq wkh dqdo|vlv ri vwdwlrqdu| djjuhjdwh wlph vhulhv1
;15 Srzhu Xqghu Orfdo Furvv Ghshqghqfh
Vlplodu srzhu dqdo|vlv fdq dovr eh fduulhg xqghu orfdo furvv vhfwlrq ghshqghqfh
dowhuqdwlyhv glvfxvvhg lq Vhfwlrq :1 Khuh zh irfxv rq wkh iroorzlqj uvw0rughu
qhljkerukrrg dowhuqdwlyh
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zlwk hqg srlqwv vhw dw x4w @ d4x5w . %4w dqg xQw @ eQxQ4>w . %Qw1 Kljkhu
rughu vsdwldo prghov fdq dovr eh vlploduo| dqdo|vhg1 Zulwlqj doo wkh Q huuruv lq
pdwul{ qrwdwlrqv iru hdfk shulrg zh kdyh
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Iru wklv dowhuqdwlyh wkh FG whvw kdv srzhu rqo| zlwk uhvshfw wr W 1 Wr vhh
wklv frqvlghu wkh dowhuqdwlyhv
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46 Lq wkh vsdwldo olwhudwxuh lw lv w|slfdoo| dvvxphg wkdw @ ’ K ’ fD dqg ‘ lv nqrzq dv wkh
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Wkhuhiruh/ wkh FG whvw kdv srzhu djdlqvw vsdwldo ghshqghqfh rqo| dv W $ 4/
dqg lwv srzhu lv xqdhfwhg dorqj wkh furvv vhfwlrq glphqvlrq1
Wklv sureohp lv flufxpyhqwhg e| pdnlqj xvh ri wkh vsdwldo FG+s, whvw vwd0
wlvwlf ghqhg e| +47,/ iru d {hg rughu s/ dv Q $ 41 Iru h{dpsoh/ iru s @ 4
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Rqfh djdlq wkh rxwfrph grhv qrw ghshqg rq wkh rughu e| zklfk Q dqg W duh
doorzhg wr whqg wr lqqlw|1 Wr hvwdeolvk wklv uhvxow zh uvw qrwh wkdw iru hdfk l
dqg w/ xqghu KcWQ dqg xvlqj +56, zh kdyh
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Vxevwlwxwlqj wklv uhvxow lq +63, dqg uhfdoolqj wkdw %lw duh llg+3> 4,/ zh kdyh wkh
ghvluhg uhvxow lq +5;,1
Wr vxppdul}h/ wkh FG whvw/ ghqhg e| +:,/ lv vxlwdeoh iru xqrughuhg gdwd
xqghu joredo dowhuqdwlyhv vxfk dv wkh pxowl0idfwru uhvlgxdo prghov/ zklovw wkh
FG+s, whvw ghqhg e| +47,/ zlwk s {hg dv Q $ 4/ lv dssursuldwh iru wkh
dqdo|vlv ri vsdwldo ghshqghqfh zkhuh wkh furvv vhfwlrq xqlwv fdq eh rughuhg1
Xqghu vxlwdeo| ghqhg Slwpdq orfdo dowhuqdwlyhv wkh srzhu ixqfwlrqv ri FG
dqg FG+4, whvwv duh vkrzq wr eh dv|pswrwlfdoo| qrupdoo| glvwulexwhg/ zlwk wkh
srzhu ixqfwlrq ri wkh FG+4, whvw ehlqj v|pphwulf zlwk uhvshfw wr srvlwlyh dqg
qhjdwlyh ghsduwxuhv iurp wkh qxoo k|srwkhvlv/  @ 3148 Lw lv fohduo| ghvludeoh
dovr wr ghulyh wkh srzhu ixqfwlrq ri wkh FG+s, whvw xqghu swk rughu vsdwldo
dowhuqdwlyhv/ exw wklv lv eh|rqg wkh vfrsh ri wkh suhvhqw sdshu1
< FG Whvwv lq wkh Fdvh ri Xqedodqfhg Sdqhov
Wkh FG+s, whvwv fdq eh uhdglo| h{whqghg wr xqedodqfhg sdqhov/ d vlwxdwlrq wkdw
iuhtxhqwo| dulvhv lq sudfwlfh1 Ghqrwh e| Wl/ wkh vhw ri gdwhv ryhu zklfk wlph vhulhv
revhuydwlrqv rq |lw dqg {lw duh dydlodeoh iru wkh l
wk lqglylgxdo/ dqg wkh qxpehu
ri wkh hohphqwv lq wkh vhw e| &Wl1 Iru hdfk l frpsxwh wkh ROV uhvlgxdov edvhg
rq ixoo vhw ri wlph vhulhv revhuydwlrqv iru wkdw lqglylgxdo1 Dv ehiruh/ ghqrwh
wkhvh uhvlgxdov e| hlw/ iru w 5 Wl/ dqg frpsxwh wkh sdlu0zlvh fruuhodwlrqv ri hlw
dqg hmw xvlqj wkh frpprq vhw ri gdwd srlqwv lq Wl _ Wm 1 Vlqfh/ wkh hvwlpdwhg
uhvlgxdov qhhg qrw vxp wr }hur ryhu wkh frpprq vdpsoh shulrg lm frxog eh
hvwlpdwhg e|
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zkhuh Wlm @ &+Wl _ Wm, Xqghu wkh qxoo k|srwkhvlv FG q Q+3> 4, iru Wl A n.4/
Wlm A 6/ dqg vx!flhqwo| odujh Q 1 Vlplodu dgmxvwphqwv fdq dovr eh pdgh wr wkh
FG+s, whvw ghqhg e| +47,1
48Wkh dv|pswrwlf srzhu ixqfwlrq ri wkh FG whvw lv dovr v|pphwulf xqghu krprjhqhrxv
dowhuqdwlyhv/  ’  1
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43 Vpdoo Vdpsoh Surshuwlhv ri OP dqg FGWhvwv
Lq frpsdulqj wkh vpdoo vdpsoh surshuwlhv ri wkh OP dqg wkh FG whvwv zh fduulhg
rxw d odujh qxpehu ri Prqwh Fduor h{shulphqwv/ erwk iru prghov zlwk vwulfwo|
h{rjhqrxv uhjuhvvruv dqg iru vwdwlrqdu| dqg xqlw urrw g|qdplf sdqhov zlwk dqg
zlwkrxw sdudphwhu khwhurjhqhlw| dqg vwuxfwxudo euhdnv1 Lq doo fdvhv wkh FG whvw
kdv vl}h yhu| forvh wr lwv qrplqdo ydoxh dqg h{klelw lqfuhdvlqj srzhu zlwk Q dqg
W / dowkrxjk dv suhglfwhg e| wkh wkhru| wkh srzhu lqfuhdvhv pxfk idvwhu zlwk
Q wkdq zlwk W 1 Lq zkdw iroorzv zh vkdoo irfxv rq wkh g|qdplf h{shulphqwv dv
wkh| pljkw eh wkrxjkw pruh olnho| wr eh vxemhfw wr wkh idploldu vpdoo W eldv1
Uhvxowv iurp wkh rwkhu h{shulphqwv duh dydlodeoh iurp wkh dxwkru rq uhtxhvw1
4314 Prqwh Fduor Vhwxs
Wkh g|qdplf h{shulphqwv zhuh edvhg rq wkh iroorzlqj gdwd jhqhudwlqj surfhvv=
|lw @ l +4 l, . l|l>w4 . xlw +65,
xlw @ liw . %lw> l @ 4> 5> ===>Q > w @ 4> 5> ===> W=
Wkh lglrv|qfudwlf huuruv/ %lw/ zhuh jhqhudwhg xqghu wzr glhuhqw vfkhphv1 +l,
Qrupdo huuruv= %lw  llgQ+3> 4,> dqg +ll, Fkl0vtxduhg huuruv/ %lw  llg "5+4,1 Zh
dovr wulhg wkh Vwxghqw w glvwulexwlrq zlwk 7 ghjuhhv ri iuhhgrp/ exw wkh uhvxowv
zhuh lqglvwlqjxlvkdeoh iurp wkh rqhv edvhg rq qrupdo huuruv1 Wkh xvh ri "5+4,
huuruv lv lqwhqghg wr fkhfn wkh urexvwqhvv ri wkh FG whvw wr h{wuhph ghsduwxuhv
iurp v|pphwu| ri huuru glvwulexwlrqv uhtxluhg iru wkh whvw wr eh ydolg lq vpdoo
vdpsohv1 Iru wkh vorsh frh!flhqwv/ l/ zh h{shulphqwhg zlwk krprjhqhrxv dv
zhoo dv khwhurjhqhrxv ydoxhv1 Wkh uhvxowv wxuqhg rxw wr eh yhu| vlplodu1 Khuh
zh irfxv rq wkh khwhurjhqhrxv vorsh h{shulphqwv zkhuh l  llgX+3> 4,1 Wkh
{hg hhfwv/ l/ zhuh gudzq dv %l3 . l/ zlwk l  llgQ+3> 4,/ wkxv doorzlqj iru
wkh srvvlelolw| ri fruuhodwlrqv ehwzhhq {hg hhfwv dqg wkh lqlwldo ydoxhv/ |l31
Xqghu wkh qxoo k|srwkhvlv zh kdyh l @ 31 Xqghu wkh dowhuqdwlyh k|srwkhvlv
zh h{shulphqwhg zlwk glhuhqw ghjuhhv ri furvv vhfwlrq huuru fruuhodwlrqv dv vhw
rxw ehorz
iw  llgQ+3> 4,
Orz = l  llgX +3=4> 3=6, >
Prghudwh = l  llgX +3=5> 3=7, >
Vl}hdeoh = l  llgX +3=6> 3=8, =
Lw wxuqhg rxw wkh FG whvw kdv dpsoh srzhu hyhq iru wkh orz furvv0ghshqghqfh
vfhqdulr/ dqg wkhuhiruh zh vkdoo eh uhsruwlqj srzhu uhvxowv rqo| xqghu l 
llgX +3=4> 3=6,1 Wkh dyhudjh sdlu0zlvh fruuhodwlrq iru wklv vfhqdulr lv
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Zh dovr frqvlghuhg wkh dowhuqdwlyhv l  llgX +3=5> 3=9,/ zkhuh l lv doorzhg wr
fryhu qhjdwlyh dv zhoo dv srvlwlyh ydoxhv1 Wkh ydoxh ri t iru wklv fdvh lv 3=36571
Wkh sdudphwhuv l> l dqg l duh gudzq lqghshqghqwo| ri %lw rqfh iru hdfk
h{shulphqw/ dqg wkhq {hg wkurxjkrxw wkh uhsolfdwlrqv1 %lw dqg wkh wlph0vshflf
frpprq hhfw/ iw> duh qhzo| gudzq iru hdfk uhsolfdwlrq/ lqghshqghqwo| ri hdfk
rwkhu1 Doo h{shulphqwv duh fduulhg rxw iru Q dqg W @ 8> 43> 53> 63> 83> 4331 Wkh
OP dqg wkh FG vwdwlvwlfv/ ghqhg e| +9, dqg +:,/ duh frpsxwhg xvlqj wkh ROV
uhvlgxdov iurp wkh lqglylgxdo uhjuhvvlrqv ri |lw rq dq lqwhufhsw dqg |l>w41 Wkh
qrplqdo vl}h ri wkh whvwv lv vhw dw wkh 8 shu fhqw vljqlfdqfh ohyho1 Wkh qxpehu
ri uhsolfdwlrqv lv 4/3331
4315 Uhvxowv
Wdeoh 4d uhsruwv wkh vl}h ri wkh OP dqg wkh FG whvwv iru wkh qrupdo huuruv/
zlwk wkh dvvrfldwhg srzhuv xqghu wkh wzr dowhuqdwlyhv/ l  llgX +3=4> 3=6, dqg
l  llgX +3=5> 3=9,/ jlyhq lq Wdeoh 4e1 Shukdsv qrw vxusulvlqjo|/ wkh OP whvw
lv qrw dw doo hhfwlyh dw frqwuroolqj wkh vl}h ri wkh whvw/ h{fhsw iru vpdoo ydoxhv ri
Q uhodwlyh wr W 1 Lw whqgv wr ryhu0uhmhfw sduwlfxoduo| iru Q  W / zlwk wkh h{whqw
ri ryhu0uhmhfwlrq ehlqj udwkhu vhyhuh iru ydoxhv ri W lq wkh udqjh ri 53  631
E| frqwudvw wkh FG whvw kdv wkh fruuhfw vl}h iru doo ydoxhv ri Q dqg W / +hyhq
dv vpdoo dv 8,/ dqg dv suhglfwhg e| wkhru| lwv srzhu whqgv wr ulvh zlwk Q dqg
W / txlwh udslgo|1 Wkh srzhu ri wkh FG whvw whqgv wr eh voljkwo| kljkhu xqghu
wkh srvlwlyh dowhuqdwlyhv l  llgX +3=4> 3=6,/ dv frpsduhg wr wkh idfwru ordglqjv
wkdw fryhu erwk srvlwlyh dqg qhjdwlyh ydoxhv1 Zh dovr fduulhg rxw d qxpehu ri
h{shulphqwv zlwk Q uhodwlyho| odujh +433> 533/ dqg 633, dqg rewdlqhg vl}hv yhu|
forvh wr 8( iru wkh FG whvw149 Ixuwkhupruh/ zh rewdlqhg yhu| vlplodu uhvxowv
xvlqj DU+5, vshflfdwlrqv/ zklfk duh dydlodeoh iurp wkh dxwkru rq uhtxhvw1
Wkh uhvxowv iru wkh "5+4, huuruv duh vxppdul}hg lq Wdeoh 5/ dqg vkrz wkh FG
whvw wr eh uhpdundeo| urexvw wr ghsduwxuhv iurp v|pphwulf huuru glvwulexwlrqv/
xqohvv W lv yhu| vpdoo/ durxqg 8 ru ohvv lq wkh fxuuhqw vhw ri h{shulphqwv1
Dv srlqwhg rxw lq Vhfwlrqv 8 dqg 9/ dqrwkhu lpsruwdqw ri ihdwxuh ri wkh FG
lv lwv urexvwqhvv wr vwuxfwxudo fkdqjh1 Wr hydoxdwh wkh vpdoo vdpsoh surshuwlhv
ri wkh whvw lq wkh suhvhqfh ri euhdnv lq wkh vorsh sdudphwhuv dqg2ru lq wkh huuru
yduldqfhv zh hpsor|hg wzr glhuhqw GJSv= rqh zlwk d vlqjoh euhdn/ dqrwkhu
zlwk euhdnv lq hyhu| shulrg$ Xqghu wkh iruphu zh jhqhudwhg |lw dv
|lw  l @ lw +|lw4  l, . xlw> xlw @ liw . lw%lw>
zlwk l  llgQ +4> 4,/ lw @ w @ 3=9 iru w @ 83> ===> W@5> w @ 3=; iru w @
W@5> ===> W > lw @ w @
s
4=8 iru w @ 83> ===> W@5/ w @ 4 iru w @ W@5> ===> W /
dqg %lw  llgQ +3> 4,1 Wklv srvwxodwhv d vlqjoh euhdn lq vorshv dqg wkh huuruv
yduldqfhv uljkw lq wkh plggoh ri wkh vdpsoh1 Xqghu wkh vhfrqg GJS wkh vorshv
dqg huuru yduldqfhv zhuh jhqhudwhg wr ydu| udqgrpo| hyhu| wlph dqg dfurvv
lqglylgxdov/ qdpho| zh vhw lw  llgX +3> 4, iru w @ 4> ===> W / l @ 4> ===>Q > 5lw 
49Wkh vl}h dqg srzhu ri wkh FG whvw iru A ’ D dqg  ’ fff wxuqhg rxw wr eh 31388 dqg
31<<3/ uhvshfwlyho|1 Wkh fruuhvsrqglqj ydoxhv iru wkh OP whvw zhuh 4133 dqg 4133$
4<
llg"5+5,@5 iru w @ 83> ===> 3> 4> 5> ===> W / l @ 4> ===>Q / dqg glvfdughg wkh uvw 7<
revhuydwlrqv1 Vl}h dqg srzhu ri OP dqg FG whvwv iru wkhvh wzr GJSv duh
vxppdul}hg lq Wdeohv 6 dqg 71 Dv fdq eh vhhq wkh FG whvw frqwlqxhv wr shuirup
uhpdundeo| zhoo1 Lw kdv wkh fruuhfw vl}h xqghu erwk GJS*v dqg iru doo vdpsoh
vl}hv1 Wkh OP whvw frqwlqxhv wr ryhu0uhmhfw/ qrz voljkwo| pruh dv frpsduhg wr
wkh qr0euhdn fdvh1 Wkh srzhu ri wkh FG whvw lv yhu| olwwoh dhfwhg e| d vlqjoh
euhdn/ dowkrxjk wkhuh lv d qrwlfhdeoh lpsuryhphqw lq srzhu ri wkh FG whvw xqghu
wkh pxowlsoh euhdn vfhqdulr1
Wdeoh 8 surylghv wkh uhvxowv iru wkh sxuh xqlw urrw fdvh zkhuh lw lv vhw wr
xqlw| iru doo l dqg w/ dqg 5lw  llg"5+5,@5/ dv ehiruh1 Dv fdq eh vhhq wkh whvw
vl}hv duh kdugo| dhfwhg e| wkh suhvhqfh ri wkh xqlw urrw/ zklfk lv lq olqh zlwk rxu
wkhruhwlfdo uhvxowv1 Wkh srzhu ri wkh FG whvw lv pdujlqdoo| ehwwhu/ krzhyhu1 Lq
frqwudvw/ wkh OP whvw frqwlqxhv wr vkrz vxevwdqwldo ryhu0uhmhfwlrqv sduwlfxoduo|
iru Q  W 1
Ilqdoo|/ zh frqvlghuhg wkh vl}h dqg srzhu ri wkh uvw0rughu vsdwldo FG whvw/
edvhg rq wkh FG+4, vwdwlvwlf jlyhq e| +58,1 Iru wklv sxusrvh zh xvhg wkh vdph
GJS dv lq Wdeoh 4/ xqghu wkh qxoo k|srwkhvlv ri furvv vhfwlrq lqghshqghqfh/ exw
iru wkh dqdo|vlv ri wkh srzhu ri wkh FG+4, whvw xvhg wkh vsdwldo dowhuqdwlyh jlyhq
e|
xlw @  +3=8xl4>w . 3=8xl.4>w, . l%lw/ iru l @ 5> ===>Q  4>
zlwk wkh hqg srlqwv vhw dw x4w @ x5w . %4w dqg xQw @ xQ4>w . %Qw1 Vl}h dqg
srzhu ri wkh FG+4, whvw/ dorqj zlwk wkh OP whvw iru frpsdulvrq/ duh vxppdul}hg
lq Wdeohv 9d dqg 9e/ uhvshfwlyho|1 Wkh FG+4, whvw whqgv wr kdyh wkh fruuhfw vl}h/
h{fhsw iru W @ 8/ zkhuh wkh whvw lv voljkwo| ryhu0vl}hg1 Wkh srzhu ri wkh FG+4,
whvw lv frpsxwhg xqghu  @ 	3=41 Wkhvh duh wkh vpdoohvw ydoxhv frqvlghuhg iru
 e| Edowdjl/ Vrqj dqg Nrk +5336, lq wkhlu h{shulphqwv1 Xqghu erwk ri wkhvh
dowhuqdwlyhv/ wkh FG+4, whvw h{klelw uhdvrqdeoh srzhu dqg ulvhv zlwk
s
WQ / dv
suhglfwhg e| wkh wkhru|1 Wkh srzhu lv yhu| vlplodu iru srvlwlyh dqg qhjdwlyh
ydoxhv ri 1
Wkh OP whvw frqwlqxhv wr eh vxevwdqwldoo| ryhu0vl}hg xqohvv Q ? W 1 Iru
vxfk vdpsoh vl}hv/ krzhyhu/ wkh FG+4, whvw wkdw h{sorlwv wkh vsdwldo lqirupdwlrq
h{klelwv pxfk ehwwhu srzhu wkdq wkh OP whvw1 Wkh srzhu ri wkh FG+4, whvw dovr
vhhpv wr eh txlwh forvh wr wkh rqhv uhsruwhg e| Edowdjl/ Vrqj dqg Nrk +5336, lq
wkh frqwh{w ri d sdqho gdwd prgho zlwk krprjhqhrxv vorshv dqg qrq0vwrfkdvwlf
uhjuhvvruv> dowkrxjk d irupdo frpsdulvrq lv eh|rqg wkh vfrsh ri wkh suhvhqw
sdshu1
Ryhudoo/ wkh Prqwh Fduor h{shulphqwv frqup rxu wkhruhwlfdo qglqjv/ dqg
vkrz wkdw wkh sursrvhg whvw kdv jrrg vpdoo vdpsoh surshuwlhv/ hyhq iru vpdoo W
dqg odujh Q sdqhov1
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44 Furvv Vhfwlrq Ghshqghqfh lq Shu Fdslwd Rxw0
sxw Lqqrydwlrqv Zlwklq dqg Dfurvv Uhjlrqv
Rqh ri wkh pdlqwdlqhg dvvxpswlrqv ri wkh hpslulfdo jurzwk olwhudwxuh kdv ehhq
wkh furvv vhfwlrq lqghshqghqfh ri lqqrydwlrqv lq shu fdslwd rxwsxw/ dowkrxjk lw
kdv ehhq uhfrjql}hg e| pdq| uhvhdufkhuv lq wkh hog wkdw vxfk dq dvvxpswlrq
pljkw qrw eh mxvwlhg14: Wkh FG whvw lv hplqhqwo| vxlwhg wr vkhgglqj vrph
hpslulfdo oljkw rq wklv lvvxh1 Zh vkdoo pdnh xvh ri shu fdslwd rxwsxw gdwd
+Sxufkdvlqj Srzhu Sdulw| dgmxvwhg Uhdo JGS shu fdslwd lq frqvwdqw sulfhv,
iurp wkh odwhvw Shqq Zruog Wdeohv/ Yhuvlrq 91414; Zh frpsxwhg FG vwdwlvwlfv
erwk iru frxqwulhv zlwklq d jlyhq uhjlrq/ dv zhoo dv dfurvv frxqwulhv iurp glhuhqw
uhjlrqv/ ryhu wkh shulrgv 4<:405333 dqg 4<;4053331 Iru hdfk frxqwu|/ l/ zh uvw
frpsxwhg ROV uhvlgxdov iurp uhjuhvvlrqv ri lwv orj shu fdslwd rxwsxw +|lw, rq
dq lqwhufhsw/ d olqhdu wuhqg/ |l>w4 dqg |l>w51 Xvlqj wkhvh uhvlgxdov zh wkhq
frpsxwhg wkh ydulrxv FG vwdwlvwlfv vxppdul}hg lq Wdeoh D1
Wdeoh D
Furvv Vhfwlrq Ghshqghqfh ri Rxwsxw Lqqrydwlrqv
Zlwklq Frxqwu| Jurxslqjv
FG Vwdwlvwlfv
Frxqwu| Jurxsv 4<:405333 4<;405333
Hxursh 4<1;4 461;3
Qruwk dqg Odwlq Dphulfd 9163 31<7
Dvld dqg Dxvwudold 91:8 71:4
Plggoh Hdvw dqg Qruwk Diulfd +PHQD, 4188 031;4
Uhvw ri wkh Zruog 8138 9138
Wkh Zruog 4919: :187
Qrwhv Wkh FG vwdwlvwlf lv frpsxwhg iru ydulrxv jurxsv ri frxqwulhv edvhg rq wkh ROV
uhvlgxdov iurp wkh DU+5, uhjuhvvlrqv lq |lw +orj shu fdslwd rxwsxw, zlwk d olqhdu
wuhqg1 Iru wkh phpehuvkls ri glhuhqw frxqwu| jurxslqjv vhh Wdeoh :1
Wkh k|srwkhvlv wkdw rxwsxw lqqrydwlrqv duh furvv vhfwlrqdoo| lqghshqghqw lv
uhmhfwhg iru doo uhjlrqv h{fhsw iru wkh PHQD +Plggoh Hdvw dqg Qruwk Diulfd,
frxqwulhv iru erwk shulrgv1 Wkh uhvxowv dovr vkrz d vljqlfdqw zhdnhqlqj ri wkh
ghjuhh ri furvv vhfwlrq ghshqghqfh lq wkh fdvh ri rxwsxw lqqrydwlrqv lq Qruwk
dqg Odwlq Dphulfd ryhu wkh pruh uhfhqw shulrg ri 4<;4053331 Wkh kljkhvw ghjuhh
ri furvv vhfwlrq ghshqghqfh lv irxqg wr eh dfurvv wkh frxqwulhv lq Hxursh1
4: Vhh/ iru h{dpsoh/ Eduur +4<<:, dqg Ohh/ Shvdudq dqg Vplwk +4<<:,1 Wkh odwwhu uhfrjql}hv
wkh srwhqwldo lpsruwdqfh ri furvv vhfwlrq huuru ghshqghqfh lq sdqho rxwsxw uhjuhvvlrqv exw
grhv qrw surylgh hylghqfh ri lwv vwdwlvwlfdo vljqlfdqfh1
4;Wkh SZW frgh iru wkh vhulhv lv UJGSO/ dqg lv frqvwuxfwhg lq lqwhuqdwlrqdo grooduv/ zlwk
4<<9 dv wkh uhihuhqfh |hdu1 Iru ixuwkhu ghwdlov vhh Khvwrq/ Vxpphuv dqg Dwhq +5335,1
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Wkh FG whvw fdq dovr eh dssolhg wr rxwsxw lqqrydwlrqv dfurvv uhjlrqv1 Iru
h{dpsoh/ fruuhodwlrqv ri wkh lqqrydwlrqv iru hdfk frxqwu| lq Hxursh fdq eh
frpsxwhg zlwk wkh rxwsxw lqqrydwlrqv ri wkh frxqwulhv lq rwkhu uhjlrqv1 Wdeoh
E vxppdul}hv wkh uhvxowv iru d edodqfhg sdqho ri frxqwulhv ryhu wkh shulrg
4<:4053331 Shukdsv qrw vxusulvlqjo|/ wkh zlwklq uhjlrq ghshqghqfh whqgv wr eh
kljkhu wkdq furvv uhjlrq ghshqghqfh/ dowkrxjk wkhuh duh lpsruwdqw h{fhswlrqv
sduwlfxoduo| wkh PHQD uhjlrq1 Wkhuh duh qhyhuwkhohvv vljqlfdqw hylghqfh ri
dfurvv dv zhoo dv zlwklq uhjlrq ghshqghqfh1
Wdeoh E
Furvv Ghshqghqfh ri Rxwsxw Lqqrydwlrqv Dfurvv Frxqwu| Jurxsv
Frxqwu| Jurxsv Hxursh Dphulfd Dvld dqg Dxvwudold PHQD Uhvw ri Zruog
Hxursh 4<1;4 919; 5145 41:5 9138
Dphulfd 919; 9163 518: 6184 81:;
Dvld dqg Dxvwudold 5145 518: 91:8 413< 03173
PHQD 41:5 6184 413< 4188 41<8
Uhvw ri Zruog 9138 81:; 03173 41<8 8138
Wkh FG vwdwlvwlfv duh frpsxwhg ryhu wkh shulrg 4<:4053331 Wkh gldjrqdo hohphqwv
uhihu wr wkh zlwklq frxqwu| FG vwdwlvwlfv dqg duh uhsurgxfhg khuh iurp Wdeoh D iru
frqyhqlhqfh1 Wkh r gldjrqdo hohphqwv duh wkh FG vwdwlvwlfv frpsxwhg edvhg rq
sdlu0zlvh fruuhodwlrq ri wkh lqqrydwlrqv dfurvv uhjlrqv1
Ilqdoo|/ zh frpsxwhg wkh FG vwdwlvwlf iru whvwlqj wkh ghshqghqfh ri XN*v
rxwsxw lqqrydwlrqv rq rxwsxw lqqrydwlrqv ri frxqwulhv lq d qxpehu ri glhuhqw
uhjlrqv ryhu wkh 4<8305333 shulrg1 Doo frxqwulhv zlwk dw ohdvw 43 |hduv ri gdwd
ryhu wkh 4<8305333 shulrg zhuh lqfoxghg lq wklv h{huflvh/ wkxv surylglqj dq
xqedodqfhg sdqho zlwk Wlm udqjlqj iurp 43 wr 731 Xvlqj +64,/ zh rewdlqhg wkh
iroorzlqj FG vwdwlvwlfv1
Frxqwu|2Uhjlrq Whvw vwdwlvwlf
Hxursh 9184
XVD dqg Fdqdgd 7189
Odwlq Dphulfd 03147
Dvld dqg Dxvwudold 51<9
Uhvw ri wkh Zruog 41<5
Wkhvh uhvxowv vkrz wkdw XN rxwsxw lqqrydwlrqv duh vljqlfdqwo| uhodwhg wr
rxwsxw lqqrydwlrqv ri frxqwulhv lq Hxursh/ XVD dqg Fdqdgd/ dqg Dvld dqg
Dxvwudold/ lq wkdw rughu1 Wkh k|srwkhvlv wkdw XN rxwsxw lqqrydwlrqv duh xqfru0
uhodwhg zlwk wkh frxqwulhv lq Odwlq Dphulfd lv qrw uhmhfwhg/ zklovw lw lv uhmhfwhg
ylv0d0ylv wkh frxqwulhv lq wkh uhvw ri wkh zruog dw wkh 43( ohyho/ exw qrw dw wkh 8(
ohyho1 Wkh uhvxowv vhhp sodxvleoh dqg uh hfwv wkh forvhu olqnv wkdw XN hfrqrp|
kdv ehhq kdylqj zlwk wkh frxqwulhv lq Hxursh wkdq zlwk wkh XVD dqg Fdqdgd1
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45 Frqfoxglqj Uhpdunv
Lq wklv sdshu zh kdyh ghyhorshg vlpsoh/ |hw jhqhudo whvwv ri furvv vhfwlrq gh0
shqghqfh ri huuruv lq olqhdu sdqho gdwd prghov zklfk lv dssolfdeoh lq d ydulhw|
ri frqwh{wv/ lqfoxglqj g|qdplf khwhurjhqhrxv sdqhov zlwk +srvvleo|, pxowlsoh
euhdnv dqg xqlw urrwv/ dv zhoo dv iru vsdwldo sdqhov1 Wkh whvwv duh edvhg rq vlp0
soh dyhudjhv ri sdlu0zlvh fruuhodwlrq frh!flhqwv ri ROV uhvlgxdov iurp lqglylgxdo
uhjuhvvlrqv dqg lv vkrzq wr eh ydolg xqghu idluo| jhqhudo frqglwlrqv hyhq zkhq
W lv vpdoo dqg Q odujh1 Wkh whvwv fdq eh dssolhg wr edodqfhg dqg xqedodqfhg
sdqhov dqg lv vkrzq wr kdyh d vwdqgdug qrupdo glvwulexwlrq dvvxplqj wkdw wkh
huuruv duh v|pphwulfdoo| glvwulexwhg1 Wkh h{whqvlyh Prqwh Fduor hylghqfh uh0
sruwhg lq wkh sdshu vkrzv wkdw wkh sursrvhg FG dqg lwv vsdwldo yhuvlrq/ FG+s,/
whvwv kdyh jrrg vpdoo vdpsoh surshuwlhv1 Wkh Prqwh Fduor hylghqfh dovr grf0
xphqwv wkh slwidoov ri xvlqj wkh OP whvw iru odujh Q sdqhov/ xqohvv W lv pxfk
odujhu wkdq Q 1
Wkh whvwv frxog eh sduwlfxoduo| xvhixo lq wkh fdvh ri sdqhov zlwk vpdoo W
dqg odujh Q zkhuh klwkhuwr wkhuh lv olwwoh ru qr hpslulfdo hylghqfh surylghg
lq vxssruw ri wkh urxwlqho| pdgh dvvxpswlrq wkdw wkh huuruv duh furvv vhfwlrq0
doo| lqghshqghqw1 Dv dq looxvwudwlrq/ xvlqj rxwsxw vhulhv iurp wkh Shqq Zruog
Wdeoh/ zh kdyh lqyhvwljdwhg wkh h{whqw wr zklfk rxwsxw lqqrydwlrqv duh furvv
vhfwlrqdoo| lqghshqghqw zlwklq dqg dfurvv ydulrxv uhjlrqv1 Wkh uhvxowv fohduo|
vkrz vljqlfdqw hylghqfh ri furvv vhfwlrq ghshqghqfh lq rxwsxw lqqrydwlrqv/ wkdw
rxjkw wr eh wdnhq lqwr dffrxqw lq furvv frxqwu| jurzwk dqdo|vlv1 Dssursuldwh
hvwlpdwlrq dqg lqihuhqfh whfkqltxhv iru wkh dqdo|vlv ri sdqho gdwd prghov vxe0
mhfw wr furvv vhfwlrq ghshqghqfh lv dq lpsruwdqw vxemhfw lq lwv rzq uljkw dqg
kdv ehhq glvfxvvhg/ iru h{dpsoh/ e| Dkq/ Ohh dqg Vfkplgw/ +5334, dqg Shvdudq
+5335,1 Sdqho xqlw urrw whvwv duh dovr ehlqj ghyhorshg wkdw doorz iru furvv vhfwlrq
ghshqghqfh1
Wkh dssurdfk ghyhorshg lq wklv sdshu pljkw dovr suryh xvhixo iru wkh dqdo|vlv
ri furvv vhfwlrq ghshqghqfh lq qrq0olqhdu sdqho gdwd prghov vxfk Surelw dqg
Orjlw vshflfdwlrqv1 Exw wklv lv dq duhd iru ixuwkhu uhvhdufk dqg idoov rxwvlgh
wkh vfrsh ri wkh suhvhqw sdshu1 Lw zrxog dovr eh ri lqwhuhvw wr frpsduh wkh
vpdoo vdpsoh surshuwlhv ri wkh vsdwldo yhuvlrqv ri wkh FG whvw sursrvhg lq wklv
sdshu wr wkh vsdwldo fruuhodwlrq whvwv ghyhorshg e| Dqvholq +4<;;,/ dqg uhfhqwo|
h{whqghg e| Edowdjl/ Vrqj dqg Nrk +5336, wr sdqhov zlwk udqgrp hhfwv1
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Wdeoh 4+d,
Vl}h ri OP dqg FG Whvwv
+Khwhurjhqrxv DU+4, zlwk Qrupdo huuruv,
W2Q 8 43 53 63 83 433
Vl}h
OP whvw
8 313<7 315;< 31;64 41333 41333 41333
43 31398 31484 316:4 31999 31<;5 41333
53 31376 313:< 31469 3154: 317;4 31<99
63 31386 31398 3143; 31485 31588 3199:
83 31376 31387 31396 313;: 31457 315;8
433 31389 31385 31388 313;6 313;< 31475
FG whvw
8 313;5 3137; 313:3 3138: 3138< 3138<
43 31385 31397 3137< 31386 31394 31385
53 31387 31388 31396 31389 31399 31388
63 31375 31388 31386 31374 31385 3137;
83 3137: 31397 31377 3137: 31389 31386
433 31397 313:5 31386 3138: 31378 31383
Qrwhv= Doo h{shulphqwv duh edvhg rq 4/333 uhsolfdwlrqv1 Wkh gdwd jhqhudwlqj
surfhvv +GJS, lv vshflhg dv |lw @ l +4 l, . l|l>w4 . xlw> xlw @ liw . %lw1
zkhuh l  llgX +3> 4,/ l  %l3 . l/ l  llgQ +4> 5,/ l  llgX +3> 4,/ dqg
%lw  llgQ +3> 4, = Wkh furvv ghshqghqfh +FG, ru fruuhodwlrq whvw vwdwlvwlf lv
ghqhg dv FG @
t
5W
Q+Q4,
SQ4
l@4
SQ
m@l.4 alm / zkhuh alm lv wkh sdlu0zlvh vlpsoh
fruuhodwlrq frh!flhqw ehwzhhq hlw dqg hmw iru doo l dqg l 9@ m= Wkh Odjudqjh
Pxowlsolhu +OP, whvw lv ghqhg dv FGOP @ W
SQ4
l@4
SQ
m@l.4 a
5
lm 1 Xqghu wkh
qxoo k|srwkhvlv ri }hur furvv ghshqghqfh +l @ 3,/ wkh FG whvw lv fduulhg rxw dw
wkh 8( 50vlghg qrplqdo vljqlfdqw ohyho> wkh qxoo lv uhmhfwhg li mFGm  4=<91 Iru
wkh OP whvw/ wkh qxoo lv uhmhfwhg zkhq wkh whvw vwdwlvwlf lv odujhu wkdq wkh 40vlghg
8( fulwlfdo ri wkh Fkl0vtxduhg glvwulexwlrq zlwk Q+Q4,@5 ghjuhhv ri iuhhgrp1
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Wdeoh 4+e,
Srzhu ri OP dqg FG Whvwv
+Khwhurjhqrxv DU+4, zlwk Qrupdo huuruv,
W2Q 8 43 53 63 83 433
Srzhu
l  llgX +3=4> 3=6,
OP whvw
8 313<9 315;: 31;94 41333 41333 41333
43 313:8 31486 31744 31:53 31<;: 41333
53 31397 3143; 314:< 316;9 31:3< 31<;<
63 31398 3143< 314:4 3167; 318<; 31<85
83 31398 31446 314<< 3178: 319<; 31<:7
433 313;< 3156: 316:5 31::8 31<6: 41333
FG whvw
8 31448 3144: 3154; 315<5 3173: 319<7
43 313<3 314:: 315<8 317<7 319<: 31<5;
53 31446 3157; 31797 31:94 31<65 31<<8
63 3145; 31645 318;7 31;;< 31<:: 41333
83 31473 31764 31:<6 31<:8 41333 41333
433 3154; 319<7 31<8: 41333 41333 41333
Srzhu
l  llgX +3=5> 3=9,
OP whvw
8 313;8 31637 31;;3 41333 41333 41333
43 313;: 31493 31766 31:33 31<;5 41333
53 313;< 31497 31699 3189; 31;;6 31<<;
63 3143< 31558 317;: 31969 31<59 31<<:
83 314;7 31674 31:6; 31;;5 31<;< 41333
433 316:4 319<7 31<;9 31<<< 41333 41333
FG whvw
8 313<7 3146; 31485 31584 31835 31889
43 313<; 314:: 31547 3173< 31:9< 31;46
53 313<4 31586 31654 3194: 31<8: 31<9<
63 31448 31654 316<5 31;35 31<<8 31<<;
83 31476 3179; 31846 31<74 41333 41333
433 3155; 319<6 31;6: 31<<; 41333 41333
Qrwhv= Wkh gdwd jhqhudwlqj surfhvv lv wkh vdph dv wkdw vshflhg dw irrw ri
Wdeoh 4d/ h{fhsw iru l zklfk lv vshflhg lq wklv Wdeoh1
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Wdeoh 5
Vl}h dqg Srzhu ri OP dqg FG Whvwv
+Khwhurjhqrxv DU+4, zlwk "5 +4, huuruv,
W2Q 8 43 53 63 83 433
Vl}h
OP whvw
8 31433 315;3 31;6: 41333 41333 41333
43 31397 3147: 31683 3193: 31<:< 41333
53 313:3 31445 31484 31558 31776 31<73
63 313:3 313;6 31449 31496 31648 31959
83 313:9 313;; 3144< 31458 314:8 31663
433 313:5 313:< 31433 31445 3144; 3149;
FG whvw
8 313:; 313:5 313;7 313:5 3139: 313;3
43 3138< 31396 3137: 3136; 3136: 31384
53 3137; 31384 3137: 31386 31374 31379
63 31375 3137< 31388 31374 3138< 31374
83 3137: 31393 31386 31383 31376 31393
433 3139< 31389 31386 3138< 3137: 31386
Srzhu
OP whvw
8 31458 31638 31;9: 41333 41333 41333
43 313<: 314;: 3177; 31::9 31<<4 41333
53 313<6 3147< 31636 31857 31::7 31<<;
63 31446 3148; 3158; 31858 31:73 31<;7
83 3144; 314<: 315<< 318<7 31:<< 31<<3
433 3145< 315;3 31785 31;53 31<89 31<<<
FG whvw
8 31495 3153; 31796 31869 31:43 31;;;
43 31456 3163< 317;6 31:47 31;<4 31<;6
53 31464 31663 31958 31;;3 31<:; 31<<<
63 31495 31738 31:4: 31<84 31<<< 41333
83 314<6 31853 31;56 31<;: 41333 41333
433 31555 31:4; 31<:5 31<<< 41333 41333
Qrwhv= Wkh gdwd jhqhudwlqj surfhvv lv wkh vdph dv wkdw ghvfulehg dw wkh
irrw ri Wdeoh 4d/ h{fhsw iru %lw  llg"5 +4,1 Srzhu lv fdofxodwhg xqghu l 
llgX +3=4> 3=6,1
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Wdeoh 6
Vl}h dqg Srzhu ri OP dqg FG Whvwv
+GJS Vxemhfw wr d Vlqjoh Euhdn,
W2Q 8 43 53 63 83 433
Vl}h
OP whvw
8 3143< 315:< 31;98 41333 41333 41333
43 313:3 31485 31785 31:;4 41333 41333
53 31394 31433 3155: 316<< 31;67 41333
63 3139< 313<< 314;3 31658 31993 31<<8
83 31397 313;; 31494 3155< 31889 31<;9
433 31384 313;4 3147< 3154< 317<; 31<9;
FG whvw
8 3139; 31398 31389 3139; 3139: 31394
43 3138; 3139< 31399 31395 3138: 31379
53 3137; 3137< 3137; 3138; 31395 3137:
63 3138< 31397 31379 3138< 31373 3137;
83 31399 3138: 31394 31386 31385 31376
433 31387 31389 31383 3137: 31384 3138<
Srzhu
OP whvw
8 3144< 315;8 31;;< 41333 41333 41333
43 313;3 31483 317:8 31;34 31<<< 41333
53 31399 31434 31583 31833 31;:; 41333
63 313:; 3143< 31586 31763 31;37 31<<<
83 313:; 31484 31597 317;5 31;4: 31<<<
433 313<; 314<3 31767 31989 31<8< 41333
FG whvw
8 31434 3144; 314<; 31575 31675 31933
43 31439 31465 315:8 316<< 318<5 31;;4
53 313;; 314<4 3173; 31948 31;74 31<<3
63 31434 31564 31848 31:7< 31<89 41333
83 3146: 3164: 31:3: 31;<< 31<<: 41333
433 314<; 317:5 31<4; 31<<8 41333 41333
Qrwhv= Wkh gdwd jhqhudwlqj surfhvv xvhg lv |lw  l @ lw +|lw4  l, . xlw>
xlw @ liw . lw%lw/ zkhuh l  llgQ +4> 4,/ lw @ w @ 3=9 iru w @ 83> ===> W@5>
w @ 3=; iru w @ W@5> ===> W > lw @ w @
s
4=8 iru w @ 83> ===> W@5/ w @ 4 iru
w @ W@5> ===> W / dqg %lw  llgQ +3> 4, = Iluvw 7< revhuydwlrqv duh glvfdughg1 Srzhu
lv fdofxodwhg xqghu l  llgX +3=4> 3=6,1 Vhh dovr wkh qrwhv wr Wdeoh 4d1
5:
Wdeoh 7
Vl}h dqg Srzhu ri OP dqg FG Whvwv
+Pxowlsoh Vwuxfwxudo Euhdn= lw  X+3> 4,> lw 
s
"5+5,@5,
W2Q 8 43 53 63 83 433
Vl}h
OP whvw
8 313;6 31564 31;88 41333 41333 41333
43 313:4 313:; 315:3 31963 31<9; 41333
53 31393 313:4 31437 31457 316<8 31<54
63 31386 31385 31433 313;6 3147< 319;6
83 31387 3137: 31397 31399 313;6 31585
433 31377 31385 31393 3138: 3139: 313:3
FG whvw
8 313:; 3138: 31397 31395 3138< 31399
43 3139: 31377 31377 31397 31393 31393
53 3137< 31396 3138: 31383 31395 31395
63 31389 31385 31389 31388 31388 3137<
83 3137: 31385 31375 31366 31389 31397
433 31379 31376 3137< 3136< 31385 3137:
Srzhu
OP whvw
8 3144: 3155< 31;88 41333 41333 41333
43 31396 313<8 31653 319:: 31<;4 41333
53 31387 313<; 31487 3158: 31949 31<;8
63 313:3 313<3 314:4 314<: 31787 31<88
83 313:5 31444 3147; 31583 3185; 31<5;
433 313;: 31479 31674 31847 31;53 31<<:
FG whvw
8 31454 31438 31568 3166: 317<; 31:83
43 31445 3149< 31689 317;< 319<5 31<58
53 313:< 31564 31778 319;8 31<4: 31<<4
63 31455 315;4 31967 31;45 31<;7 41333
83 31489 31754 31:<8 31<76 31<<< 41333
433 314<; 318;7 31<67 31<<< 41333 41333
Qrwhv= Wkh gdwd jhqhudwlqj surfhvv lv wkh vdph dv wkdw vshflhg dw wkh irrw
ri Wdeoh 4d h{fhsw lw @ 3=8 iru w @ 83> ===> 3 dqg doo l/ lw  llgX +3> 4, iru
w @ 4> ===> W / l @ 4> ===>Q > 5lw  llg"5+5,@5 iru w @ 83> ===> W / l @ 4> ===>Q 1 Srzhu
lv fdofxodwhg xqghu l  llgX +3=4> 3=6,1
5;
Wdeoh 8
Vl}h dqg Srzhu ri OP dqg FG Whvwv
Wkh Xqlw Urrw Fdvh= lw @ 4/ dqg lw 
s
"5+5,@5

W2Q 8 43 53 63 83 433
Vl}h
OP whvw
8 31397 314<: 31:99 41333 41333 41333
43 31378 313<4 31589 31893 31<76 41333
53 31376 313;3 3144; 31496 31799 31<85
63 313:4 313:6 313:4 3144; 31557 31:9;
83 31395 31389 31399 313;4 3147< 316:7
433 31375 31383 31388 3138< 313:9 3143<
FG whvw
8 31393 31396 3139< 313:7 3139< 31385
43 31389 31384 31383 31389 3139< 3137;
53 3138< 31387 3137; 3139: 3137< 3137<
63 313:3 3138: 3137; 31374 31376 31374
83 313:6 3137< 3137< 31389 3138; 3138<
433 3138: 31376 3136: 31386 31375 31379
Srzhu
OP whvw
8 3138< 31533 31:;: 41333 41333 41333
43 3138: 313;: 315:5 318:: 31<98 41333
53 31385 31437 31495 3163< 31:45 31<;<
63 313;5 31443 314:8 31587 318;3 31<;5
83 313<8 3143; 314<9 31677 319<7 31<:8
433 313;9 314:4 316;8 3194< 31;;6 31<<;
FG whvw
8 313;3 31459 3159; 31686 31836 31:<:
43 313<; 314<4 31677 31845 31:76 31<76
53 3144: 31583 31839 31:6< 31<58 31<<<
63 31485 31665 319:8 31;4< 31<:; 31<<<
83 3148< 31774 31;3: 31<8< 31<<< 41333
433 3156; 31986 31<:6 31<<: 41333 41333
Qrwhv= Wkh gdwd jhqhudwlqj surfhvv lv wkh vdph dv wkdw vshflhg dw wkh irrw
ri Wdeoh 7/ h{fhsw wkdw lw @  @ 4 iru doo l dqg w1 Srzhu lv fdofxodwhg xqghu
l  llgX +3=4> 3=6,1
5<
Wdeoh 9d
Vl}h ri OP dqg wkh Vsdwldo Iluvw0Rughu/ FG+4,/ Whvwv
+Khwhurjhqrxv DU+4, zlwk vsdwldoo| fruuhodwhg huuruv,
W2Q 8 43 53 63 83 433
VL]H
OP whvw
8 313<7 31643 31;79 41333 41333 41333
43 3139; 31438 31589 3187: 31<97 41333
53 31395 313:5 313<8 3149: 31699 31<48
63 31377 3138< 3138; 313<< 314:9 3185:
83 3137; 3138; 31396 31398 313:4 31544
433 3138; 31383 31399 3138; 3138; 313:<
FG+4, whvw
8 313:6 313<8 313:: 313:4 313:8 313:<
43 313:8 3139< 313:4 31388 313;3 31396
53 3138: 31397 31388 31384 31395 313:5
63 3137; 31395 31393 31383 31385 31395
83 31378 31373 313:5 31386 3138< 3137<
433 3136: 31379 31376 31385 31383 31385
Qrwhv= Wkh FG+4, whvw lv edvhg rq FG+4, @
t
W
Q4
SQ
l@5 al>l4/ zklfk lv
glvwulexwhg dv Q+3> 4,= Wkh gdwd jhqhudwlqj surfhvv lv wkh vdph dv wkh rqh xvhg
xqghu wkh qxoo k|srwkhvlv ri furvv vhfwlrq lqghshqghqfh ghvfulehg dw wkh irrw ri
Wdeoh 4d1
63
Wdeoh 9e
Srzhu ri OP dqg wkh Vsdwldo Iluvw0Rughu/ FG+4,/ Whvwv
+Khwhurjhqrxv DU+4, zlwk vsdwldoo| fruuhodwhg huuruv,
W2Q 8 43 53 63 83 433
Srzhu=  @ 3=4
OP whvw
8 313<9 31645 31;83 41333 41333 41333
43 313;7 3145: 315;4 318:3 31<97 41333
53 313<8 31434 3146; 31534 3174< 31<6;
63 313<6 313<7 31434 31485 3158; 31947
83 3148: 31468 3146: 31458 314:4 316:7
433 31659 3156< 31589 3154; 31579 31665
FG+4, whvw
8 3143; 31465 31473 31493 31554 31695
43 31465 31497 31577 31656 317:; 31:8:
53 314:4 315<7 317:8 31936 31;6; 31<;7
63 31566 316;4 31986 31;4: 31<99 31<<;
83 316;9 31954 31;:9 31<:5 41333 41333
433 319:8 31<3; 31<<9 41333 41333 41333
Srzhu=  @ 3=4
OP whvw
8 313<< 3164; 31;79 41333 41333 41333
43 313:; 31453 315:< 318;5 31<:3 41333
53 3143: 313<9 31464 3153; 31746 31<69
63 31435 313<6 31455 3147; 31588 31953
83 3148< 31456 3146< 31468 3149; 316;4
433 31673 3157; 3157< 31578 3157< 31675
FG+4, whvw
8 313<4 31466 31479 314:; 31593 316;7
43 31449 314:; 31577 31668 317;: 31:75
53 314:7 315:9 317:8 31967 31;58 31<::
63 315:< 3176; 31999 31;4; 31<8: 31<<<
83 31746 31963 31;:9 31<9: 31<<; 41333
433 319<8 31<44 31<<< 41333 41333 41333
Qrwhv= Srzhu lv fdofxodwhg xqghu xlw @  +3=8xl4>w . 3=8xl.4>w, . l%lw iru
l @ 5> ===>Q  4> zlwk wkh hqg srlqwv x4w @ x5w . %4w dqg xQw @ xQ4>w . %Qw1
Vhh dovr wkh qrwhv wr Wdeohv 4d dqg 9d1
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Wdeoh :
Ghwdlov ri Frxqwu| Jurxsv
Frxqwu| Jurxsv Phpehu Frxqwulhv
Vdpsoh shulrg= 4<:405333
Hxursh Dxvwuld/ Ehojlxp/ Ghqpdun/ Ilqodqg/ Iudqfh/ Jhupdq|/ Juhhfh/
Luhodqg/ Lwdo|/ Ox{hperxuj/ Qhwkhuodqgv/ Qruzd|/ Sruwxjdo/
Vsdlq/ Vzhghq/ Vzlw}huodqg dqg Xqlwhg Nlqjgrp
Qruwk Dphulfd Xqlwhg Vwdwhv dqg Fdqdgd
Odwlq Dphulfd Dujhqwlqd/ Erolyld/ Eud}lo/ Eduedgrv/ Fkloh/ Frorpeld/ Frvwd Ulfd
Grplqlfdq Uhsxeolf/ Hfxgru/ Jxdwhpdod/ Krqgxudv/ Mdpdlfd/
Ph{lfr/ Qlfdudjxd/ Sdqdpd/ Shux/ Sdudjxd|/ Ho Vdoydgru/
Wulqlgdg ) Wredjr/ Xuxjxd| dqg Yhqh}xhod1
Dvld dqg Dxvwudold Dxvwudold/ Edqjodghvk/ Fklqd/ Krqj Nrqj/ Lqgrqhvld/ Lqgld/
Mdsdq/ Nruhd/ Vul Odqnd/ Pdod|vld/ Qhsdo/ Qhz ]hdodqg/
Sdnlvwdq/ Sklolsslqhv dqg Wkdlodqg1
Plggoh Hdvw dqg Dojhuld/ Hj|sw/ Ludq/ Lvudho/ Mrugdq/ Prurffr/ V|uld/ Wxqlvld
Qruwk Diulfd dqg Wxunh|
+PHQD,
Uhvw ri wkh Zruog Exuxqgl/ Ehqlq/ Exunlqd Idvr/ Fkdg/ Frwh g*Lyrluh/ Fdphurrq/
Frqjr/ Frprurv/ Fdsh Yhugh/ Jderq/ Jdpeld/ Jkdqd/ Jxlqhd/
Jxlqhd0Elvvdx/ Htxdwruldo Jxlqhd/ Hwklrsld/ Kxqjdu|/ Lfhodqg/
Nhq|d/ Ohvrwkr/ Pdgdjdvfdu/ Pdol/ Pdxulwlxv/ Pr}dpeltxh/
Pdodzl/ Qljhu/ Qljhuld/ Urpdqld/ Uzdqgd/ Vhqhjdo/ Vh|fkhoohv/
Vrxwk Diulfd/ Wdq}dqld/ Wrjr/ Xjdqgd/ ]dpeld dqg ]lpedezh1
Vdpsoh shulrg= 4<;405333
Frxqwulhv wr eh dgghg wr wkh olvwv jlyhq deryh=
Odwlq Dphulfd Dqwljxd/ Ehol}h/ Juhqdgd/ Vw1Nlwwv)Qhylv/ Vw1Oxfld dqg
Vw1Ylqfhqw ) Juhqhglqh1
Uhvw ri wkh Zruog Srodqg1
65
D Surshuwlhv ri Uhvlgxdov lq Uhjuhvvlrq Prghov
Vxemhfw wr Vwuxfwxudo Euhdnv
Devwudfwlqj iurp wkh furvv vhfwlrq lqgh{ l/ wkh uhjuhvvlrq prgho +44, zlwk d
vlqjoh euhdn fdq eh zulwwhq dv
|w @

| . 
3
4+{w  {, . 4%w> w @ 4> 5> ===> W4>
| . 
3
5+{w  {, . 5%w> w @ W4 . 4> ===> W
zkhuh wkh n  4 vorsh frh!flhqwv/ m / dqg wkh huuru yduldqfhv/ 5m > iru m @ 4> 5/
duh vxemhfw wr d vlqjoh euhdn dw wlph w @ W4/ dqg %w  llg+3> 4,1 Wkh lpsolhg
lqwhufhswv duh jlyhq e|
m @ |  3m{> m @ 4> 5>
Wkh xqfrqglwlrqdo phdqv ri |w dqg {w/ qdpho| | dqg {/ duh qrw vxemhfw wr
fkdqjh1 Zh dovr dvvxph wkdw {w iroorzv wkh fryduldqfh vwdwlrqdu| surfhvv=
{w @ { .
4[
v@3
vwv> w  llg+3> Ln,>
4[
v@3
n vn?41 +66,
zkhuh w dqg %w3 / duh lqghshqghqwo| glvwulexwhg iru doo w dqg w
31 Zh vkdoo dovr
dvvxph wkdw wkh lqqrydwlrqv lq wkh {w surfhvv/ w/ duh v|pphwulfdoo| glvwulexwhg
durxqg }hur1
Vxssrvh qrz wkdw wkh euhdnv duh ljqruhg dqg wkh uhvlgxdov> hw> duh frpsxwhg
e| uxqqlqj wkh ruglqdu| ohdvw vtxduhv uhjuhvvlrq ri |w rq {w ryhu wkh zkroh
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